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1.— On  thb  Loweb  Detoniam  Fish-Fauna  of  Campbellton,  New 

Bbunswick. 

By  Arthur  Smith  Woodward,  F.L.S.,  F.G.S. 

(PLATE  I.) 

THE  Lower  Devonian  Fish-Fauna  of  Campbellton,  New  Brunswick, 
has  already  been  described  by  Mr.  Whiteaves,^  of  the  Canadian 
Geological  Survey,  and  Dr.  Traquair,'  of  Edinburgh;  and  a  few 
supplementary  observations  are  published  in  the  British  Museum 
Catalogue  of  Fossil  Fishes,  Part  IL  (1891).  Much,  however,  still 
lemains  to  be  learned  concerning  the  skeletal  anatomy  of  the  genera 
and  species  already  determined  ;  and  many  types  of  early  fishes  will 
doubtless  soon  be  discovered  by  future  explorers  of  the  formation 
and  locality  in  question.  A  new  series  of  specimens  just  received 
bj  the  British  Museum  from  Mr.  B.  F.  Damon,  of  Weymouth,  adds 
Bome  small  itema  of  interest  to  our  knowledge  of  the  subject ;  and 
the  following  notes  relate  to  the  advance  thus  made.  The  fossils 
under  discussion  were  collected  last  summer  by  Mr.  Jex,  and  are 
all  much  crushed  and  flattened  in  the  usual  manner. 

ULASMOBRANCHIL 
Genus  Protodus,  nov. 

A  genus  known  only  by  detached  teeth.  Dental  crown  consisting 
of  a  single  robust,  solid,  conical  cusp,  invested  with  gano-dentine; 
root  large,  undivided,  laterally  expanded,  and  antero-posteriorly 
compressed. 

That  the  tooth  thus  defined  is  not  the  laniary  of  a  Crossopterygian 
attached  to  its  basal  bone  is  proved  by  the  examination  of  a  micro- 
scopical section,  which  leaves  little  doubt  as  to  its  Elasmobranch 
relationships.  Protodus  is  thus  the  earliest  tooth  referable  to  the 
Elasmobranchii  hitherto  determined,  and  is  especially  remarkable 
on  account  of  the  form  of  the  root.  There  is  much  reason  to  believe 
that  all  the  more  primitive  Elasmobranch  teeth  possess  a  horizontally 
expanded  base  (or  root),  while  antero-posterior  compression  is  the 

'  J.  F.  Whiteaves,  Canadian  Naturalist,  n.e.  vol.  x.  (1881),  pp.  93-100 ;  also 
"Illustrations  of  the  Fossil  Fishes  of  the  Devonian  Rocks  of  Canada,  Part  II.," 
Trans.  Roy.  Soc.  Canada,  vol.  vi.  sect.  iv.  (1889),  pp.  92-96,  pi.  ix.  pi.  x.  figs.  2-4. 

'  R.  H.  Traquair,  **  Notes  on  the  Devonian  Fishes  of  Scauraenac  Bay  and 
Camphelltown  in  Canada,"  Geol.  Mao.  [3]  Vol.  VII.  (1890),  pp.  20-22 ; 
^  "  On  FMyel€tntuSf  a  New  Genus  of  Coccosteidse,"  ibid.  pp.  66-60,  pi.  iii. 
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resalt  of  special^tion.    Such  being  the  case,  Protodus  is  a  speoialized 
form  of  a  vecy'skiple  type  of  tooth. 

.A.'Protodus  Jext,  ep.  nov.     PL  I.  Figs.  1,  la. 
Crowp.of .footh  attaining  a  height  of  about  0005,  and  measuring 
0*003  ift'V'idth  at  the  base;  the  apical  half  sharply  bent  inwards; 
coronal  sprfaoe  smooth,  the  lateral  margins  keeled,  both  faces  convex, 
and  the 'outer  face  with  an  unsymmetrically  placed  longitudinal  ridge 
impjMiting  to  the  tooth  a  twisted  appearance.     Boot  compact,  stouter 
.-ahd  much  less  deep  than  the  crown. 
./•'Iflne   best-preserved  specimen  is  shown  of  the  natural    size  in 
*•  •**?!.  I.  Figs.  1,  la,  and  there  are  four  more  imperfect  examples  in  the 
../collection.     The  specific  name  is  suggested  in  honour  of  Mr.  Jex, 
of  Weymouth,  to  whose   skill   in   collecting  so   many  remarkable 
discoveries  of  Devonian  and  Carboniferous  fishes,  both  British  and 
Canadian,  are  due. 

Genus  Diplodus,  Agassiz. 

[Poiss.  Foss.  vol.  iii.  1843,  p.  204] 

Teeth  of  this  form  are  now  known  to  be  common  to  several  genera 
of  primitive  Elasmobranchs,  already  discovered  in  formations  ranging 
from  the  Lower  Carboniferous  to  the  Upper  Trias.  A  unique  speci- 
men in  the  new  collection  of  Lower  Devonian  fish-remains  from 
Campbellton  now  seems  to  show  that  the  same  type  of  tooth  occurred 
in  certain  Elasmobranch  Fishes  even  in  the  early  portion  of  the 
Devonian  period  ;  and  the  discovery  of  parts  of  the  skeleton  of  these 
ancient  forms  will  be  awaited  with  considerable  interest 

2.  Diplodus  problematicus,  sp.  nov.     PI.  I.  Fig.  2. 

The  single  tooth  referred  to  appears  to  be  destitute  of  the  root  and 
exhibits  only  the  outer  face  of  the  crown.  It  is  shown  of  three 
times  the  natural  size  in  PI.  I.  Fig.  2.  The  two  principal  cusps  are 
well  separated,  unequal  in  size,  and  widely  divergent ;  each  being 
long  and  slender,  somewhat  tumid  in  the  basal  portion,  and  at- 
tenuated distally.  The  median  cusp  or  denticle  is  subulate,  long 
and  slender.     The  gano-dentine  is  quite  smooth. 

Though  several  forms  of  "  Diplodus  '*  are  known  to  occur  in  one 
and  the  same  mouth  of  some  Pleuracanth  fishes,  and  the  recognition 
of  specific  characters  in  detached  teeth  thus  becomes  impossible ;  it 
still  seems  advisable  to  adopt  provisional  names  for  isolated  examples, 
and  the  Lower  Devonian  tooth  described  above  may  thus  be  known 
as  Diplodus  problematicus.  More  especially  does  this  name  appear 
to  be  appropriate,  as  the  form  of  the  root  and  the  microscopical 
structure  of  the  tooth  yet  remain  to  be  determined. 

Genus  Gtbaoanthus,  Agassiz. 

[Poiss.  Foss.  vol.  iii.  1837,  p.  17.] 
3.  Gyracanihus  incurvus,  Traquair.     PI.  L  Figs.  4i  5. 
1890.  R.  H.  Traquair,  Gbol.  Mao.  [3]  Vol.  VII.  p.  21. 

A  small,  much  arcuated,  and  laterally  compressed  spine,  attaining 
a  length  of  about  0065.    Anterior  border  acute ;  posterior  border 
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with  a  single  regular  series  of  closely  arraDged,  small  stout  denticles. 
Lateral  ornamentation  delicate,  consisting  of  numerous  sharp  ridges, 
disposed  with  a  very  slight  obliquity,  which  increases  towards  the 
ba»e  and  towards  the  anterior  border ;  the  ridges  coarsest  and  most 
widely  spaced  at  the  base  and  at  the  anterior  border,  sometimes 
smooth,  sometimes  in  part  crenolated. 

Foor  examples  of  this  interesting  ichthyodorulite  are  contained  in 
tbe  new  collection  from  Campbellton,  and  the  finest  specimen  is 
riiown  of  the  natural  size  in  PI.  I.  Fig.  4.  The  fossil  is  imperfect  in 
the  basal  half,  thoogh  exhibiting  all  the  principal  characters  of  the 
species;  and  the  sharp  oblique  line  of  demarcation  between  the 
inserted  and  exserted  portions  is  conspicuous.  Another  specimen 
leems  to  show  distinct  abrasion  of  the  apex  (PL  I.  Fig.  5),  such  as 
k  a  well-known  feature  of  the  typical  Carboniferous  Qyraeanthus ; 
md  a  third  fragment  has  been  sliced  transversely  to  obtain  a  micro- 
Boopical  section.  The  central  cavity  of  the  spine  is  thus  proved  to 
to  have  extended  far  towards  the  apex,  and  the  tissue  consists  wholly 
of  vaso-dentine.. 

€^mis  Clihatius,  Agassiz; 

[Poiss.  Fossw  v.  G.  R.  1845,  p.  119.] 

4.   CUmaiim  latispinosus,  Whiteaves,  sp. 

1881-89.  Ci§naeanihtu  latUpinotui,  J.  F.  WhiteaTes,  Canadian  Nat.  n.s.  vol.  x. 
p.  99,  and  Trans.  Rov,  Soc.  Canada,  toI.  yI.  sect.  iv.  p.  95,  pi.  x.  fig^.  3. 
1889.  A.  S.  Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  iv.  p.  183. 

Numerous  isolated  spines  of  this  large  species  of  Acanthodian  fish 
are  contained  in  the  collection.  It  is  especially  interesting  to 
observe  that  in  addition  to  the  ordinary  fin-spines  already  known, 
there  are  also  some  extremely  broad  and  short  triangular  spines 
precisely  similar  to  the  intermediate  ventral  spines  of  the  typical 
British  species  of  Climaiius,  These  are  marked  with  radiating, 
sparsely  tuberoulated  ridges,  and  their  base  of  insertion  is  very 
narrow. 

Gknus  AoANTHODES,  Agsssiz. 

[Poiss.  Foss.  vol,  ii.  pt.  L  1833,  p.  19.] 

5.  Acanthodes  semiBtriatus,  sp.  nov.     PI.  I.  Fig.  3. 

Body  much  elongated  and  slender.  Fin-spines  much  laterally 
compressed,  with  a  single  deep  and  broad  longitudinal  groove 
dividing  each  lateral  face  into  a  narrow  smooth  anterior  area  and 
a  somewhat  wider,  finely  striated  posterior  area.  Pelvic  fins  situated 
nearer  to  the  anal  than  to  the  pectorals,  and  the  anal  slightly  in 
advance  of  the  dorsal.  Pelvic  fin-spine  apparently  almost  as  large 
as  the  anal,  and  the  latter  much  smaller  than  the  dorsal.  Scales 
smooth,  the  surface  faintly  excavated  or  fiat. 

The  above  definition  is  based  upon  a  single  imperfect  fish 
(No.  P.  6545)  about  0*15  in  length,  and  having  the  dorsal  fin-spine 
6^2  in  length.  Two  large  detached  spines,  however,  remarkably 
similar  to  those  of  the  type  specimen,  may  probably  be  regarded 
as  indicating'  ihst  the  species  Bometimes  attained  to  inac\i  latg^c 
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diDiensions ;  and  one  of  these  spineB  is  shown  of  the  natural  sias 
in  PL  I.  Fig.  3. 

A.  §em%striatu$  pertains  to  the  primitive  seotion  of  the  genus 
{Mesacanthus  of  Traqaair)  already  well  known  in  the  Lower 
Devonian,  bat  attains  to  at  least  twioe  as  laige  a  size  as  anj  of  its 
congeners  hitherto  discovered. 

OSTRACODJSBMT. 

Grenns  Gkphalaspis,  Agassiz. 
[Poiss.  Fobs.  vol.  ii.  pt  i.  1835,  p.  135.] 

6.  CephaUupii  campbelUonefMi*,  Whiteaves.     PL  L  Fig.  6. 

1881-89.  J.  F.  WhiteaTes,  Canadian  Nat.  n.s.  toL  z.  p.  98,  and  Trans.  Roj.  Soe. 

Canada,  toI.  ri.  sect.  It.  p.  92,  pL  x.  fie.  2. 
1890.  B.  H.  Traquair,  Gbol.  Mao.  [3]  Vol.  Vll.  p.  21. 

1890.  CephaUupis  TFhiUaveti,  R.  H.  Traqnair,  ibid.  p.  21. 

1891.  A.  S.  Woodward,  Catal.  Foas.  Fishes  B.  M.  pt  ii.  p.  190,  pL  ix.  fig.  5. 

This  is  one  of  the  commonest  fishes  in  the  Gamphellton  shale,  but 
the  specimens  are  almost  invariably  so  mnch  crushed  and  broken 
that  the  characters  of  the  species  are  difficult  to  determine.  The 
latest  definition,  given  in  the  British  Museum  "Catalogue,^  seems 
to  be  correct;  and  the  examples  of  the  head-shield  in  the  new 
collection  display  only  two  features  worthy  of  special  note. 

The  most  remarkable  of  these  features — and  one  probably  of  much 
significance — is  the  conspicuous  difference  between  the  structure  of 
the  main  part  of  the  shield  and  that  of  the  region  termed  the  "  post- 
orbital  valley."  Whereas  in  shields  that  have  lost  the  superficial 
layer,  the  tessem  of  the  middle  layer  are  well  shown  in  every  part 
outside  the  ''post-orbital  valley,"  in  this  small  area  the  tissue  is 
observed  to  be  thickened  and  dense,  wiHi  a  splintery  fracture,  and 
without  any  sutures  or  con^icoous  vascular  canals.  This  hardened 
plate,  indeed,  is  so  sharply  separated  from  the  surrounding  shield, 
that  it  has  the  appearance  of  an  entirely  independent  element;  and 
the  writer  is  inclined  to  believe  that  some  other  Gephalaspidian 
shields  in  the  British  Museum,  from  the  English  Old  Bed  Sandstone, 
exhibit  characters  capable  of  a  similar  interpretation. 

The  tubercular  nature  of  the  superficial  ornament  of  the  shield 
is  also  noteworthy.  One  specimen  shows  well-separated  rounded 
tubercles  on  the  upper  aspect  of  the  cornua ;  and  the  inferior  rim 
and  rostrum  of  another  specimen  are  marked  with  closely  arranged, 
flattened,  irregularly  stellate  tubercles,  sometimes  almost  fused  into 
a  network. 

Finally,  the  new  collection  is  interesting  as  comprising  a  single 
specimen  in  which  remains  of  the  greater  part  of  the  squamation  of 
the  trunk  are  preserved.  The  scales  are  unfortunately  so  much 
crushed,  broken,  and  displaced,  that  little  of  their  arrangement  can 
be  determined;  but  their  general  appearance  suggests  that  there 
were  fewer  deep  and  narrow  scales  than  in  the  typical  species  of 
which  the  trunk  is  well  known.  Many  of  the  soales  are  nearly 
equilateral  (PL  I.  Fig.  6),  and  exhibit  a  very  narrow  overlapped 
border.     The  binder  border  is  not  serrated,  but  the  unabraaed 
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with  a  single  regular  aeries  of  closely  arranged,  small  stout  denticles. 
Lateral  ornamentation  delicate,  consisting  of  numerous  sharp  ridges, 
disposed  with  a  very  slight  obliquity,  which  increases  towards  the 
btw  and  towarda  the  anterior  border ;  the  ridges  coarsest  and  most 
videly  spaced  at  the  base  and  at  the  anterior  border,  sometimes 
imooUi,  sometimes  in  part  crenulated. 

Fonr  examples  of  this  interesting  ichthyodomlite  are  contained  in 
the  new  collection  from  Campbellton,  and  the  finest  specimen  is 
ibown  of  the  natural  size  in  Pi.  I.  fig.  4.  The  fossil  is  imperfect  in 
the  basal  half,  though  exhibiting  all  the  principal  characters  of  the 
ipedes;  and  the  sharp  oblique  line  of  demarcation  between  the 
imerted  and  exaerted  portions  is  conspicuous.  Another  specimen 
•eems  to  show  distinct  abrasion  of  the  apex  (PL  I.  Fig.  5),  such  as 
it  a  well-known  feature  of  the  typical  Carboniferous  Qyraeanihus ; 
ind  a  third  fragment  has  been  sliced  transversely  to  obtain  a  mioro- 
nopical  section.  The  central  cavity  of  the  spine  is  thas  proved  to 
to  have  extended  far  towarda  the  apex,  and  the  tissue  consists  wholly 
(tfnso-dentine* 

Qenus  Clihatius,  Agassiz: 

[Poiss.  Fossw  V.  G.  R.  1845,  p.  119.] 

4.    CUmatius  latisptnosus,  Whiteavee,  sp. 

18S1-89.  Ctettaeanthng  lattMpinotuM,  J.  F.  WhiteaTes,  Canadian  Nat.  n.s.  vol.  x. 
p.  99,  and  Trans.  Rov,  Soc.  Canada,  toI.  vi.  sect.  iv.  p.  96,  pi.  x.  tig.  3. 
1889.  A.  S.  Woodward,  Ann.  Mag.  Nat  Hist.  [6]  vol.  It.  p.  183. 

Nomeroua  isolated  spines  of  this  large  species  of  Acanthodian  fish 
are  contained  in  the  collection.  It  is  especially  interesting  to 
observe  that  in  addition  to  the  ordinary  fin-spines  already  known, 
there  are  also  some  extremely  broad  and  short  triangular  spines 
precisely  aiinilar  to  the  intermediate  ventral  spines  of  the  typical 
British  species  of  Clifnatius.  These  are  marked  with  radiating, 
sparsely  tubercalated  ridges,  and  their  base  of  insertion  is  very 
Barrow. 

Glenus  Aoanthodes,  Agassiz. 

[Poiss.  Foss.  vol.  ii.  pt.  i.  1833,  p.  19.] 

5.  Acanihodes  semstriatus,  sp.  nov.     PI.  I.  Fig.  3. 

Body  much  elongated  and  slender.  Fin-spines  much  laterally 
compressed,  with  a  single  deep  and  broad  longitudinal  groove 
dividing  each  lateral  face  into  a  narrow  smooth  anterior  area  and 
a  eomewhat  wider,  finely  striated  posterior  area.  Pelvic  fins  situated 
nearer  to  the  anal  than  to  the  pectorals,  and  the  anal  slightly  in 
advance  of  the  dorsal.  Pelvic  fin-spine  apparently  almost  as  large 
as  the  anal,  and  the  latter  much  smaller  than  the  dorsal.  Scales 
smooth,  the  surface  faintly  excavated  or  fiat. 

The  above  definition  is  based  upon  a  single  imperfect  fish 
(N^o.  P.  6545)  about  0*15  in  length,  and  having  the  dorsnl  fin-spine 
0-02  in  length.  Two  large  detached  spines,  however,  remarkably 
similar  to  those  of  the  type  specimen,  may  probably  be  regarded 
as  indicating  that  the  species  sometimes  attained  to  Tnuch  Yaig^c 
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consideration  show  the  small  pineal  plate  ("  posterior  ethmoid "  of 
Traquair)  fused  with  the  large  ethmoid  (•♦anterior  ethmoid"  of 
Traquair)  in  front,  but  separated  by  a  distinct  sutural  line.  The 
great  pineal  pit  at  the  hinder  angle  of  the  "  mstral "  plate  thus 
formed  is  well  indicated  in  PL  I.  Fig.  8. 

Several  plates  of  the  body  cuirass  are  also  contained  in  the  latest 
collection  from  Campbellton.  There  are  examples  of  the  lateral  and 
ventrolateral  plates  (Whiteaves,  loe,  dt.  pi.  ix.  figs.  3,  4)  ;  and  two 
groups  of  smaller,  sparsely  tuberculated  plates  cannot  even  be 
provisionally  determined.  Further  discoveries  must  be  awaited 
before  any  definite  information  concerning  the  disposition  of  the 
armature  is  obtainable. 

EXPLANATIOr^    OP  PLATE   I. 
Fish-remaiiifl  from  the  Lower  DeTonian  of  Gampbelltoa,  New  Brunswick. 

Fio.  I.  Protodus  Jexi,  sp.  nov. ;  tooth,  outer  and  lateral  (la)  aspects. 

„   2.  Diplodus  preblenuiticusy  sp.  no?. ;   tooth,  outer  aspect,  three  times  nat.  size. 

„    3.  Aeanthode*  temistriatua^  sp.  nov. ;  fin-spine. 

„   4.  Gyracanthua  incurvm^  Traq« ;  spine,  lateral  aspect. 

„   5.       Ditto ;  ahraded  apex  of  spine,  lateral  aspect. 

„  6.  Cephalaspis  campbelltonem%8f  Whiteaves  sp. ;  scale,  external  aspect,  three 
times  natural  size. 

„  7.  PhlyeUdiMspia  acadica,  Whiteaves  sp.  ;  head-shield,  external  aspect 
e.  central ;  e,  ethmoid ;  e.o.  external  occipital ;  m.  mar^nal ;  m.o.  median 
occipital  ;  p.  pineal ;  p,mx,  premaxilla  ;  p.o.  preorbital ;  pt.o,  post- 
orbital. 

,,   8.  Ditto ;  ethmoidal  {e)  and  pineal  (p)  plates,  visceral  aspect. 

All  the  specimens  are  preserved  in  the  Geological  Department  of  the  British 
Museum  (Natural  History),  and,  unless  otherwise  stated,  tlie  drawings  are  of  the 
natural  size. 


II. — Remarks  on   Prop.  Bonnet's  paper  "On  the  Crystalline 

SOHIHTS    AND    THEIR    RELATION    TO   THE    MeSOZOIO    RoOKS    IN    THE 

Lbpontine  Alps." 

By  Dr.  F.  M.  Stapff. 

1  VENTURE  to  offer  some  remarks  on  the  above-mentioned  paper 
of  Prof.  Bonney,  which  appeared  in  the  Quarterly  Journal  of 
the  Geological  Society  for  May,  1890  (vol.  xlvi.  pp.  187-240).'  As 
the  result  of  ten  years'  geological  researches  in  the  St.  Gothard 
district,  I  have  become  familiar  with  most  of  the  statements  and 
arguments  brought  forward  by  Prof.  Bonney ;  many  of  them,  I  am 
glad  to  see,  agree  with  my  own  observations  and  views,  already  made 
known  in  official  and  other  publications;  others,  however,  I  feel 
bound  to  dispute. 

I. — The  black  schists. — Prof.  Bonney's  view  that  the  "  black  garnet 
schists  "  of  the  St.  Gothard  (Nufenen  to  Lukmanien)  are  not  identi- 
cal with  the  belemnili/erous  black  *' spotted^*  schists  of  the  Nufenen 
(Bonney,  /.c.  pp.  214,  218,  220,  221)  has  been  held  by  me  since 

*  It  will,  we  are  sure,  gratify  our  readers  to  learn  that  Dr.  Stapff,  the  writer 
of  the  present  article,  was  the  eminent  engineer  of  the  St.  Gothard  tunneL  By 
accident  Prof.  Bonney  has  referred  to  him  in  the  Quart  Joum.  Geol.  Soc.  1890, 
Tol.  xlTi.  p.  196,  as  *'the  late  Dr.  Stapf  "  (for  Stapf  read  Stapff).  We  are  glad  to 
be  able  to  state  that  Dr.  Stapff  is  aliTO  and  well. — ^Edit.  Gbol.  Mao. 
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1875,  and  T  am  glad  to  find  it  supported  by  80  high  an  authority. 
In  a  paper  X  read  at  the  58th  aunual  meeting  of  the  Schweizerische 
llaturforacbende  Gesellschaft,  held  at  Andermatt,  September,  1875 
(Jahresberiobt,  1874-5,  pp.  127 — 156),  is  the  following : — 

*'  Wortby  of  attention  is  the  frequent  association  (in  the  southern 
section  of  the  Gothard  tunnel,  700 — 800  m.  from  the  mouth)  of  this 
calo-mlca  scbist  with  dark,  dense,  often  phyllitic  mica  schista  which 
resemble  some  of  the  Nufenen  *  Knotenschiefer '  in  having  knobs  of 
Bmall  garnets.     But  it  should  be  kept  in  mind  that  two  different 
kinds  of  spotted  schists  occur  in  the  Nufenen  pass.     In  one  of  them 
the  knobs  are  garnets ;   in  the  other  one  cylinders  and  hail-like 
grains  of  a  zeolithic*  mineral,  and  the  belemnites  are  exclusively 
found  in  this  last-named  variety"  {Le,  p.  140).     Further,  the  fol- 
lowing will  be  found  in  the  text  to  ''  Profil  g^logique  du  St.  Gothard 
dans  Taxe  du  grand  tunnel  etabli  pendant  la  construction  (1873- 
1880)  par  F.  M.  Stapff,  ing^nieur-geologue  de  la  Compagnie  du  St. 
Gothard"  (Annexe  speciale  aux  rapports  du  Gonseil  federal  Suisse 
aur  la  marche  de  Tentreprise  du  St.  Gothard;  Berne,  1881),  **The 
Uack  schists  of  the  Oberalp  road  (north  side  of  the  Gothard)  might  be 
paralleled  with  certain  black  garnet  schists  of  the  south  side  (Nufenen 
schists   in   part.) — Footnote.      The    belemnites   do   not   appear  in 
the   black  garnet  schists  of  the  Nufenen  pass,  but  in   a   kind   of 
black  schist  which  much  more  reminds  one  of  those  from  Altkirche 
(likewise  on  the  north  side  of  the  Gothard,  not  far  from  the  Oberalp 
road).      The   cylinders   in   this   rock   are   composed   of   a   zeolitio 
mineral  (comp.  von  Fritsch,  p.  127)  which  probably  accounta  for  the 
hydraulic  qualities  which  calcined  lime  exhibits  when  mixed  up  with 
slightly  burnt  and  ground  belemnite-schist  from  the  Nufenen.     If 
this  parallelization  be  correct,  and  the  metamorphosed  sedimentary 
rocks  of  the  Ursern  valley  properly  determined,  then  we  may  draw 
the  conclusion  that  the  series  of  the  originally  sedimentary  rocks 
on  the  south  side  of  the  Gothard  begins,  at  the  bottom  of  the  Ticino 
valley,  with  Jurassic  deposits  and  includes  Carboniferous  at  about 

*  I  am  well  aware  that  these  grains  and  cylinders  in  the  Nufenen  schists  are 
osuallv  considered  to  be  couseranite;  but  the  existing  chemical  analyses  allow  them  to 
be  equally  jis  well  regarded  as  f.  i.prehnite,  and  this  interpretation  is  not  contradicted 
by  Trof.  Bonney*9  microscopic  analysis,  though  the  shape  of  the  prisms  does  not 
agree  with  the  usual  habit  and  mode  of  occurrence  of  prehuite. 

Comparative  aualyses: — 

Nufenen 

To  be  compared  with 

Prehnite  43*63  Couseranite  62-37 

24-87  24-02 

(  6-81 — 7 -38  in  some  varieties)    — 

27-14  11-^6 

—  1-40 

4-36  KaO.NaO  9-48 


Mineral  in  the  Nufenen 

schibts. 

SiO-  : 

knobs  53-09    prisms  40-07 

Al-'O^: 

ly-45                 2205 

Fe»03  : 

6-93                   6-66 

CaO  : 

10-96                 22-29 

MgO: 

1-03                   1-20 

11^0  : 

6-06                   8-89 

Loss 

3-49                    — 

100-00  100-16  100-00  9912 

I  observed   the    hydraulic   character  of   the  Nufenen  schists  whilst  searching  for 
hydraulic  lime  in  the  neighbourhood  of  Airolo,  and  made  some  laboratory  tests  with 
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1833  m.  inside  the  mountain,  oonnted  from  the  month  of  the  tnnnel" 
{loc,  cii,  French  text,  p.  56 ;  German,  p.  51,  52).  Describing  the 
glacial  and  alluvial  gravels  in  the  Ticino  valley  (''Oeologisohe 
fieobachtungen  im  Tessinthal,  wahrend  Tracirung  und  Baues  der 
Gotthardbahn/'.  Berlin,  1883),  I  have  likewise  pointed  out  the 
difference  between  the  ordinary  black  garnet  schists  and  the  Nnfenen 
'  spotty '  schists :  whilst  the  former  are  spread  far  down  the  valley, 
the  Nnfenen  '  spotty '  schists  were  not  met  with  beyond  five  or  six 
kil.  below  the  pass  {he,  ciL  p.  83). 

The  fact  is,  that  schists  and  slates  which  are  coloured  by  graphite 
or  other  coaly  material,  sometimes  phyllitic,  sometimes  calciferous, 
and  often  garnet- bearing,  occur  on  the  Gothard  under  various  con- 
ditions, and  in  widely  separated  geological  horizons.  On  his  map 
of  the  Gothard  district,  von  Fritsch  indicated  by  the  colouration  of 
the  Nufenen  schist,  a  patch  of  black  garnet  schist  in  the  upper  part 
of  the  Unteralpthal.  On  examination  I  found  it  to  be  a  slender 
intercalation  in  the  micaceous  gneiss  of  the  Sorescia  type,  which, 
on  the  summary  profile  to  my  geological  map  of  the  Gothard 
railway,  is  designated  by  III.,  and  which  has  been  cut  by  the  tunnel 
between  3000  and  4000  m.  from  the  southern  entrance.  This 
occurrence  of  black  garnet  schist  in  the  brown  micaceous  gneiss 
III.  is  not  an  isolated  one.  1  have  mapped  a  quite  analogous 
instance  in  the  upper  Val  Cadlimo,  close  by  the  Lago  Scuro. 

On  a  higher  horizon,  we  meet  with  the  black  schists  (without 
macroscopic  garnets)  of  the  Oberalp  road,  which  were  exposed  in 
the  tunnel  between  3650  and  3800  m.  N. ;  probably  they  are  of 
Carboniferous  age  and  equivalent  to  the  black  garnet  schists  on  the 
south  side,  at  1466  and  1808-1833  m.^ 

Some  seams  of  black  schist  were  met  with  in  the  tunnel  at  3263 
and  3274  m.  N.,  between  the  Altkirche  schists  and  the  above- 
mentioned  Oberalp  schists,  which  have  not  been  traced  at  the 
surface ;  they  probably  correspond  with  the  black  garnet  schists  on 
the  south  side  at  700-800  m.  The  bed-rocks  are  calcareous  on 
both  sides  of  the  mountain ;  1  consider  them  to  be  of  Triassic  age, 
as  well  as  the  bulk  of  the  calo-mica  schists  on  the  opposite  side  of 
the  Ticino  river,  which  also  inclose  several  belts  of  black  garnet 
schists,  one,  for  example,  in  the  Stalvedro  railway  tunnel. 

Finally  we  arrive  at  the  highest  horizon  of  black  schists,  viz., 
those  of  Altkirche  on  the  north  side,  met  with  in  the  tunnel  at 
2582,  2637,  2766  m.  N.,  which  I  consider  to  be  of  Liassic  age  and 
to  correspond  with  the  Nufenen  belemnite  schists.  These  have  not 
been  seen  in  the  southern  section  of  the  tunnel,  though  it  is  possible 
that  they  may  be  represented  there  by  some  geological  equivalent. 

These  different  black  schists  do  not  completely  agree  in  their  petro- 
graphic  characters,  not  even  if  comparison  is  made  with  those  which 

^  These  and  other  intercalations  of  special  geological  interest  have  been  purposely 
very  prominently  marked  on  the  profil  g^ologique  in  order  to  attract  attention  to 
them.  For  exact  measures  and  details  refer  to  my  record :  *'  Geologische  Xabellen 
und  Durchschnitte,  iiber  den  ^ossen  Gotthardtunnel ;  Specialbeilage  zu  den 
Berichten  des  Schweizerischen  Bundesrathes  iiber  den  Qang  der  Ootthardbahn- 
unternehmung,  1873-1882." 
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preramptively  belong  to  the  same  geological  age»  and  at  present  their 
presumed  horizons  are  rather  guessed  at  than  accurately  determined. 
Bat  the  black  sehisU  which  are  easily  recognized,  and  in  which 
fossils  may  be  expected  to  occur,  will  one  day  prove  valuable  criteria 
for  geological  classification,  and  I  have  therefore  indicated  them, 
wherever  tbey  oocnr,  not  only  in  the  profile  of  the  Gothard  tunnel, 
but  also  in  the  "  Geologische  Uebersichtskarte  der  Gotthardbahn- 
strecke  Kil.  38-149  (Erstfeld-Castione) ;  10  Blatter  im  Maasstab 
1:25000;  im  Auftrag  der  Direction  der  Gotthardbahn,  1885."  In 
the  title  and  index-sheet  of  this  map,  three  distinct  designations  are 
given  for  at  least  four  different  sorts  of  black  schists ;  the  colours 
referring  to  similar  petrographic  characters,  the  letters  and  numbers 
to  geological  position.  In  this  way  (which,  however,  cannot  be 
fully  explained  without  the  help  of  a  descriptive  text  to  the  map) 
I  have  endeavoured  to  bring  the  beds  together  in  the  order  in  which 
they  might  be  expected  to  succeed  each  other,  without  prejudicing 
the  final  geological  grouping,  or  making  the  map  useless  in  case 
some  of  my  views  respecting  the  geological  position  of  some  of  the 
beds  should  subsequently  prove  erroneous. 

II.  The  gray  mica  schisln,  calc-mica  schists,  disthene  schists. — I  have 
divide<l  the  rocks  of  the  Ticino  valley  from  the  mouth  of  the  tunnel 
inwards  to  the  micaceous  gneiss  of  the  Gothard,  into  the  following 
four  groups : 

87 — 90  m. ;  characteristic  rocks :  dolomites. 

90 — 114im. ;  ,,  ,,     :  gratj  garnet'fnica  achUts. 

1142 — 1833  m.;  ,,  ,,     :  green  and  black  garnet -mica  schist*. 

1833 — 3178  m. ;  ,,  i»     :  feUpat  hie -mica  schists  and  amphibolic  rocks. 

Prof.  Bonney's  "  Val  Piora  schists  "  belong  to  the  second  of  these 
groups  (that  of  the  gray  garnet  schists)  and  his  *'  Val  Treraola 
schirtts"  to  the  third  and  fourth  groups  (green,  black  felspathic  mica 
schists  and  amphibolic  rocks).  On  my  geological  map  of  the  railway, 
this  whole  series  is  marked  by  the  figures  IV.  and  V.  and  the  sericite 
schists  of  the  Ursern  valley  are  imderstood  to  he  equivalent  to  the 
grny  mica  schists  of  the  south  side.  (Text  to  profile,  French,  p.  47 ; 
German,  p.  43.) 

In  the  composition  of  the  gray  mica  schists,  two  species  of  mica, 
at  least,  take  part;  of  these  the  gray  is  the  characteristic  one.  In 
the  text  to  the  profile  (German,  p.  45 ;  French,  p.  49)  this  is 
described  as  **  not  positively  identical  with  paragonite,  though  con- 
taining soda,  as  shown  by  blow-pipe  tests ;  potash -mica  also 
occurring  in  the  same  schist.  When  fused  to  a  yellowish  white 
enamel,  it  becomes  intumescent  giving  a  yellow  tint  to  the  fiame. 
It  has  a  silky  lustre  and  talcose  appearance  under  the  microscope  ; 
with  a  silver-white  or  grey  colour,  which  often  assumes  a  greenish 
hue.  In  the  immediate  neighbourhood  of  quartz-veins  with  copper 
pyrites,  ironspar,  cyanite,  tourmaline,  muscovite,  calcspar,  etc.,  this 
same  soda-mica  often  turns  apple-green  like  that  of  pregrattite ;  this 
green  colour  is  of  dubious  origin  (NiO,  CuO,  Cr^C*?),  and  seems  to 
fade  on  long  exposure  to  light.  The  blackish-tint  and  semi-metallic 
lustre  in  the  black  garnet  schists  and  in  many  calc  scbv^tA  \^  ^vx^  ^^^ 
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graphite ;  not  only  is  this  the  case  in  this  group  of  the  mica-schist 
series  (700— 800  in.)»  but  also  in  the  following  (green  schists  at 
1318,  1466,  1808,  1828  m.,  etc.)  and  in  the  black  schists  of  the 
north  side.  Garnets  are  seldom  absent,  but  in  the  schists  close  to 
the  dolomites  they  are  small,  rare,  and  sometimes  scarcely  visible. 
I'he  second  constituent  mica  is  brown  magnesian;  it  is  in  part 
original,  in  part  a  pseudomorph,  after  hornblende. 

Disthene,  eyanite,  staurolile  (rarely,  for  example,  at  632  and 
753  m.)  occur  in  certain  beds  throughout  the  gray  mica  schists, 
whilst  they  are  but  sporadic  or  microscopic  rarities  in  the  succeeding 
green  amphibolic  and  felspathic  mica  schists.  Real  staurolite  schists 
comparable  with  the  typical  beds  of  Alpe  Sponda  have  not  been  met 
with  in  the  tunnel  (text  to  profile,  French,  p.  50 ;  German,  p.  46) 
and  large  radiant  prisms  of  disthene  are  commonly  connected  with 
quartz  veins  (180, 190,  397  m.),  which  at  the  same  time  carry  copper 
pyrites,  p^^rrhotine,  ironspar  and  tourmaline  (rare).  The  beds  in 
which  disthene  and  kindred  minerals  can  be  recognized  at  a  glance, 
e.g.  at  190,  397,  536,  606,  632,  732,  792,  808,  854,  868,  912,  1119 
metres  from  the  mouth,  are  usually  connected  with  the  calc-mica 
schists  and  black  garnet  schists ;  but  it  would  be  premature  to  assert 
that  certain  geological  horizons  in  the  gray  mica  schists  are  charac- 
terized by  the  appearance  of  disthene,  eta 

The  complex  of  gray  mica  schists  containing  garnets,  disthene 
staurolite  (tourmaline),  appears  again  on  the  opposite  side  of  the 
Ticino  valley  (up  in  the  mountains),  whence  it  enters  Val  Chironico, 
with  the  renowned  Sponda  Alp  ;  and  it  may  be  seen  from  the  geo- 
logical map  of  the  railway,  plates  vi.  vii.,  that  even  here  these  mica 
schists  are  underlaid  by  micaceous  gneiss  and  overlaid  by  real  calc- 
mica  schists,  with  intercalations  of  black  schists,  quartzites,  and 
(last  but  not  least)  by  dolomites,  rauchwacke,  marble,  etc.,  in 
repeated  beds. 

The  so-called  calc-mica  schists  of  the  Gothard  tunnel  (south  side, 
text  to  profile,  French,  p.  50 ;  German,  p.  45)  differ  to  some  extent 
from  the  calc-mica  schists  on  the  opposite  side  of  the  Ticino  valley ; 
the  calcspar  being  scarce  and  often  absent  in  the  rusty  outcrops  of 
the  small  seams ;  which  are  then  hardly  recognizable  as  con- 
tinuations of  the  corresponding  calcareous  mica  schists  in  the  tunnel 
(pi.  V.  of  the  geological  map  along  the  railway  line).  The  calcspar 
usually  occurs  together  with  quartz  or  felspar,  in  thin  crumpled, 
broken  and  faulted  lamellee,  which  by  the  decomposition  of  pyrites 
or  carbonate  of  iron  are  often  rusty  and  carious.  Some  quartzitic 
beds  of  this  mica  schist  series  and  some  amphibolites  (hemithr^es) 
also  yield  grains  and  lamellae  of  calcspar,  and  it  would  be  interesting 
if  there  were  means  of  distinguishing  the  original  constituent  from 
the  secondary  calcspar,  so  as  to  be  able  to  decide  whether  these 
intercalated  seams  are  real  or  pseudo  calc-mica  schists.  With  regard 
to  their  designation  in  the  profile  of  the  tunnel,  1  refer  to  the 
remarks  made  above  respecting  the  black  garnet  schists. 

Certain  seams  of  the  sencitic  schists  of  the  Ursem  valley  (north 
side)  are  also  calcareous  (3255-85;  3560-70;  3650,  3666  m.  ^., 
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German  text  to  profile,  p.  22 ;  French,  p.  24)  and  thus  comparable 
with  the  described  calo-mica  schists  of  the  south  side.  Maoroscopio 
garnets,  disthene,  etc.,  are  lacking  on  the  north  side,  where  anhydrite,^ 
yypsum,  and  gunpowder-like  magnetic  iron  are  interesting  accessory 
oonstitaents  of  the  calcareous  sericite  schists ;  and  the  presence  of 
rolkd  grains  of  quartz  prove  them  to  be  originally  psammitic  rocks. 

It  shunld,  moreover,  be  kept  in  mind  that  sporadic  intercalations 
of  calcapar  are  by  no  means  rare  in  the  crystalline  schists  of  the 
8t  Gothard.  They  frequently  occur  in  the  green  felspathic  and 
amphibolitio  schists  of  the  south  side ;  in  the  black  schists  of  the 
Oberalp  road  on  the  north  side ;  sometimes  also  in  the  micaceous 
gneiss  of  the  Gothard  massif.  Intercalations  of  limestone  always 
point  to  an  original  sedimentary  formation  of  the  surrounding 
schist.  A  direct  proof  of  this  is  the  existence  of  rolled  gravels  in 
the  amphibolic  mica  schist  at  396  m.  S.  (text  to  profile,  French, 
p.  62 ;  Grerman,  p.  48.  Geolog.  Durchsoh.,  Stldseite,  Nos.  55,  56) ; 
of  rolled  quartz  grains  in  the  sericitic  schist  (text  to  profile,  French, 
p.  25 ;  German,  p.  20.  Geolog.  Durchsoh.,  Nordseite,  No.  64,  68, 
69,  72,  74,  76,  p.  83),  and  of  psammitic  quartz  rock  (talc  quartzite ; 
verrucano?)  between  the  beds  of  black  schist  at  3733,  70,  80, 
94  m.  N. 

The  calc-mica  schist  at  the  mouth  of  the  Moesa,  in  the  Ticino 
(pi.  X.  geol.  map  along  railway),  is  in  a  greatly  advanced  condition 
of  metamorphism,  but  though  changed  into  calcareous  gneiss  with 
accessory  disthene,  garnets,  actinolite,  and  titanite,  and  including 
beds  of  marble  and  cipoline,  it  must  be  considered  as  the  equivalent 
of  the  calc-mica  schists  of  Airolo  (tunnel),  and  of  the  mica-schist 
with  imbedded  calcareous  rocks  of  the  Jorio  pass  (summary  profile 
of  the  railway  on  title  sheet  of  the  map). 

Continuing  the  parallelization  of  the  schists  on  the  south  side  of 
the  St.  Gothard  with  those  on  its  north  side,  we  have  to  place 
against  the  green  garnet-mica  schists  with  their  intercalations  of  black 
garnet  schists^  calc-mica  schists,  and  quartziles,  the  black  schists  of  the 
Oberalp  road  with  their  belongings,  and  against  the  felspathic  mica 
schists  and  amphibolic  rocks  of  the  Scipsius  (IV.  in  the  scheme  on 
title  plate  of  the  map)  the  slaty  gneiss  of  the  north  side  for  which 
I  have  proposed  the  name  Ursern-gneiss  (see  sub-section  V.). 

An  analogous  rock,  with  striking  intercalations  of  hdlleflintay  is 
passed  by  the  railway  line  near  Gurtnellen  on  the  northern  flank  of 
the  granitic  gneiss  belonging  to  the  Finsteraarhorn  massif  (Geol. 
Map,  pi.  iii.  and  title  sheet),  and  southwards  from  Airolo  a  corre- 
sponding gneiss  underlies  the  gray  mica  schists  below  Passo  Sassella 
(pi.  vi.),  and  between  Monte  Piottino  (Daziogrande)  and  Monte 
Olina  (Val  Chironico).  But  amphibolic  rocks,  which  abound  near 
Airolo,  are  rare  or  altogether  absent  in  the  other  localities  (Ursern 
valley,  Gurtnellen,  Val  Chironico). 

III.  Dolomite,  rauchwacke,  marble,  cipoline,  and  subordinate  rocks, 
—The  detailed  section  between  37  and  90  metres  from  the  southern 
©Dtrance  of  the  tunnel,  shown  on  a  scale  of  1 :  200  on  plate  L  of  the 

^  Zeitsch.  d.  deutsch.  geol.  Gesellsch,  1879,  p.  407. 
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Qeoh  Durobsohnitte,  Siidseite,  is  highly  instnictiye  for  the  inter- 
pretation of  the  rather  irregular  or  lenticalar  masses  of  rauohwacke 
which  figure  on  the  geological  maps  of  the  country.  The  same 
rook  which,  in  the  ragged  cliffiB  N.E.  and  S.W.  of  the  tunnel, 
appears  almost  homogeneous  (though  greatly  decayed),  is,  in  the 
tunnel,  unrolled  in  a  long  series  of  alternating  concordant  strata  of 
rauchwache,  saceharoidal  dolomite,  marblSf  breeda,  ^ash,  quartzitSy 
and  mica  schist,  this  last  named  forming  not  only  some  well-defined 
beds  at  the  end  of  the  series,  but  also  thin  separating  sheets  between 
the  different  calcareous  layers,  and  patches  in  their  mass.  I  am 
not  convinced  that  these  fragments  are,  in  all  cases,  the  detritus  of 
pre-existing  mica  schist  inclosed  in  the  lime  rock ;  sometimes  the 
white,  gray,  or  greenish  coatings  of  talcose  mica  appear  to  have 
been  formed  contemporaneously  with  the  calcareous  material  or  even 
subsequently ;  in  other  instances  they  are  certainly  torn  and  crushed 
fragments  of  the  intercalated  mica  schist  which  have  been  squeezed 
into  the  dolomite  by  mechanical  forces.  Prof.  Bonney  lays  stress 
upon  the  occurrence  in  the  dolomites,  etc.,  of  fragments  of  mica 
schist,  which  indicate  their  psammitio  nature.  With  the  reservation 
just  mentioned,  I  share  this  view,  which  I  have  already  published 
in  the  "  Geol.  Durchschnitte  und  Tabellen,  Siidseite,"  specially  with 
reference  to  No.  10  ("dolomitic  ash,"  a  dirty  greenish  medley  of 
dolomite,  talc,  etc.)  and  to  No.  14  ("breccia"  at  78*6 m.,  which  is 
thus  described,  "  Yellowish,  ashy,  cavernous  rauohwacke,  inclosing 
sharp-edged  fragments  of  talcose  mica  schist  and  of  saceharoidal 
dolomite,  with  white  or  rusty  saceharoidal  or  sandy  dolomite  in  the 
cavities.  This  bed,  so  far  as  it  is  not  a  vein,  proves  that  the 
dolomitic  strata  are  younger  than  the  mica  schist  on  their  hanging 
wall ").  Very  similar  remarks  are  made  in  the  text  to  the  Geological 
profile  (German,  p.  44;  French,  p.  48,  and  in  "Verhandl.  der 
Schweiz.  Naturf.  Gesellsch."  1874-75,  p.  139) :  **  the  occurrence  of 
this  mica-dolomite  breccia  seems  to  prove  that  the  dolomites  are 
younger  than  the  surrounding  mica  schists." 

Dolomitic  material  is  predominant  in  the  chequered  line  of  thin 
strata  in  this  section  of  the  tunnel,  which  have  together  been  sub- 
jected in  common  to  contortion,  faulting  and  squeezing,  so  that  it 
is  difficult  to  understand  why  the  same  mechanical  forces  should 
not  have  exercised  similar  metamorphic  effects  on  every  individual 
bed  of  the  whole  series,  which  they  are  believed  to  have  exercised  on 
some  of  them ;  why,  for  example,  mechanical  "  marmorization  "  has 
taken  place  in  No.  17  at  82*3—83  m. ;  but  not  in  the  preceding  bed 
of  white  loose  saceharoidal  dolomite,  nor  in  the  following  one  of 
white  and  red  dolomitic  bands  which  alternate  with  strings  of 
quartz  and  mica-schist  ?  How  are  we  to  explain  the  alternation  of 
beds  of  rauohwacke  with  saceharoidal  limestone  if  the  transformation 
of  one  of  these  substances  into  the  other  were  due  to  pressure  which 
hM  acted  through  the  whole  complex  ?  Leaving  on  one  side  the 
formation  of  breccias,  it  does  not  seem  probable  that  petrographio 
metamorphosis  by  mechanical  forces  hsa  played  an  important  role 
in  our  case ;  I  am  inclined  to  consider  that  the  chemical  or  physical 
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oonstitntioii  of  the  different  beds  was  originally  dissimilar,  so  that 
the  oourse  and  the  results  of  any  metamorphio  action  would  neces- 
sarily have  varied  in  different  parts  of  the  whole  complex.  Further, 
it  is  not  necessary  to  assume  that  any  chemical  metamorphosis  must 
have  embraced  an  entire  complex  of  calcareous  or  dolomitic  strata ; 
it  might  equally  as  well  have  been  restricted  to  certain  regions, 
(marked  off  by  stratification,  fissure,  or  other  lines)  thus  producing 
heterogeneous  mass-shaped  intercalated  deposits,  such  as  for  instance 
^fpjuw  and  anhydrite  imbedded  in  ranchwaoke.  As  a  matter  of 
course,  these  irr^rular  intercalations  are  not  then  of  marked  value  as 
geological  horizons.  At  the  Airolo  mouth  of  the  tunnel,  gypeum 
or  anhydrite  only  appeared  as  accessories  in  the  quartzite  beds, 
No.  20  and  22,  belonging  to  the  dolomitic  series,  and  in  fissures  in 
the  adjoining  rocks.  In  the  calcareous  rocks  of  the  Ursem  Valley, 
the  occurrence  of  gypsum  was  restricted  to  lumps  of  alabaster  im- 
bedded in  the  clayey  southern  wall-rock. 

Having  regard  to  the  petrographic  variety  in  rocks  belonging  to 
one  and  the  same  calcareous  series,  it  seems  hazardous  to  ascribe, 
d  priori,  a  definite  geological  age  to  such  rocks  when  they  are  met 
with  isolated.  For  this  reason  I  have  indicated  on  the  geological  map 
of  the  railway  line,  by  a  single  colour,  all  limestones  ranging  between 
the  Jurassic  and  Archaean,  noting  by  index  letters  their  special  petro- 
graphic characters  (dolomite=D. ;  rauchwacke=:R. ;  marble=M. ; 
oipoline=C. ;  calc-schist^Cas.),  and  leaving  the  question  of  their 
exact  geological  range  to  future  exploration.  I  have  paralleled  the 
limestone  series  of  the  Ursem  valley,  which  is  considered  to  be 
Jurasne,  with  the  dolomitic  series  of  the  south  side,  in  spite  of 
considerable  petrographic  differences — rauchwacke  and  sacoharoidal 
dolomites  are,  for  instance,  wanting  in  the  tunnel  below  the  Ursem 
valley,  whilst  cipoliue  predominates  there,  though  absent  on  the  south 
side,  etc.  The  appearance  of  qnartzitic  beds  in  the  foot- wall  of  the 
Jurassic  (Liassic)  rocks  affords  a  means  of  identifying  them  on  both 
sides  of  the  St.  Gk>thard.  It  has  already  been  remarked  in  "  Verhandl. 
der  Schweizer  Naturfor.  Oesellscb.'*  1874-75,  p.  139,  and  in  the  text 
to  the  "  Qeol.  Profile  "  (French,  p.  47 ;  German,  p.  43)  that  beds  of 
quartzite  (resp.  sandstone)  are  regularly  associated  with  the  lime- 
stone series  north  and  south ;  they  occur,  for  instance,  at  the 
Nufenen  pass  (h  la  Cruina),  in  the  tunnel,  near  Lago  Ritom.  near 
Prato,  and,  on  the  other  side,  on  the  Langisgrat,  Furka,  near  Bealp, 
and  Altkirche. 

The  description  given  by  Prof.  Bonney  on  p.  210  of  his  paper  of 
a  section  along  a  ravine  in  Yal  Canada  agrees  in  its  principal  features 
with  my  own  surveys  in  the  same  ravine  and  the  adjacent  areas, 
which  have  been  used  for  the  construction  of  plate  v.  of  the  geological 
map  of  the  railway ;  and  on  principle  I  cannot  object  to  this  author's 
explanation  of  repeated  identical  beds  (rauchwacke,  in  this  case)  by 
faults  instead  of  by  folding,  though  I  have  based  the  construction 
of  this  part  of  the  map  on  the  supposition  of  folds.  The  construction 
of  ideal  folds  on  ideal  sections  means  for  me  nothing  but  a  way  of 
indicating  the  aapposed  identitj  of  certain  beds,  of  w\i\o\i  oxA^  ticA 
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OQtoropB  are  known,  and  nothing  more.  From  the  same  point  of 
view  I  also  oonstrocted  (on  the  profile  of  the  line  of  the  tunnel) 
two  troughs  and  an  intervening  saddle  in  the  Ursern  valley,  re- 
marking (French  text,  p.  28;  German,  p.  26),  **The  saddles  and 
troughs  drawn  indicate  no  more  than  une  mani^re  de  reprinenter  the 
oourse  of  the  heds  in  the  Ursern  valley."  The  same  remarks  are 
applicable  to  the  general  section  on  plate  vi.  of  the  geological  map, 
which  represents  an  ideal  connexion  of  repeated  seams  of  dolomite, 
oalc-schists,  and  black  and  gray  mica  schists,  between  Yal  Piora 
(Lago  Cadagno)  and  Carapolungo.  I  wish  to  say,  that  I  am  not 
now  satisfied  with  that  profile,  as  it  was  not  necessary  to  compress 
the  three  or  four  beds  between  the  Ticino  valley  and  Campolungo 
in  a  complicated  system  of  folds,  since  they  can  quite  as  well  be 
representatives  of  different  horizons  of  a  couple  of  beds  repeated  by 
faulting. 

It  must  be  admitted  that  the  probability  of  faulting  is,  d  priori, 
greater  than  that  of  folding;  this  agrees  with  the  mechanical  con- 
ditions of  contraction  as  explained  by  the  Rev.  0.  Fisher  in  his 
'*  Physics  of  the  Earth's  Crust,"  and  a  most  demonstrative  example 
of  this  same  view  is  shown  in  that  part  of  the  profile  of  the  Gothard 
tunnel  which  represents  the  central  part  of  the  massif.  The  up- 
heaval of  the  moontain,  the  swelling,  uplifting  and  overthrow  of  the 
strata,  are  not  so  much  due  to  wave-like  folding  of  the  crust,  as  to 
its  crushing  and  to  the  shoving  and  squeezing  of  the  flakes  over 
and  through  one  another. 

IV.  Organic  remains  in  the  Calcareous  beds  of  the  St  Oothard. — 
Though  1  have  not  succeeded  in  finding  crinoida  at  every  spot  in  the 
Ursern  valley  indicated  on  the  geological  map  of  von  FriUch,  there 
is  no  doubt  of  the  existence  of  imperfect  fragments  of  these 
organisms  in  those  and  other  places  in  the  calcareous  series  of  the 
valley  (see  pi.  iii.  of  the  geological  map  of  the  railway  line). 
Cylindrical  or  elliptical  sections  of  stems  of  crinoids  or  spines  of 
echinoderms,  have  been  observed  also  in  the  tunnel ;  for  example, 
in  the  gray  cipoline.  No.  43,  at  2593  m.,  and  in  the  black  schist, 
Na  46,  at  2637  m.,  and  in  this  latter  undetermined  fneoids  were 
also  present  In  addition  to  these,  microscopic  globules  of  coedy 
matter  and  peculiar  rod-like  pyritic  bodies,  which  in  section  resemble 
some  forms  of /oramtnt/^ra,  have  been  noticed  (black  schist,  No.  42,  at 
2582  m.).  Some  lamins  of  calcspar  intersecting  the  crystalline 
limestones  and  cipoline,  were  not  infrequently  covered  with  a  net- 
work of  graphite  (or  other  coaly  material)  so  as  t^  resemble  organic 
forms,  but  they  are  not  organic,  and  have  never  been  represented  as 
such  by  me  (Geol.  Durchsch.  u.  Tabellen,  Nordseite,  p.  54-59 ;  text 
to  geol.  profile,  French,  p.  23,  24;  German,  p.  21,  22). 

Only  after  a  thorough  examination  of  26  slides  taken  from 
different  beds  of  the  calcareous  series  between  2582  m.  and  2783  m. 
N.  did  I  discover  in  two  of  them  (No.  43  at  2593  m.  and  No.  45 
at  2682  m.)  traces  of  microscopic  organic  fragments,*  which  I  have 

1  Faint  traces  of  Btnictures,  resembling  those  on  Xo.  43,  have  also  been  lately 
noticed  in  a  section  of  No.  47. 
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referred  to  in  tbe  "Zeitsoh.  d.  deutsch.  geol.  GeselL"  1878.  p.  138, 
as  follows :  *'  Only  in  Nos.  43  and  45  have  those  puzzling  micro- 
BGopic  structnres  been  notioed,  of  which  I  sent  a  drawing  to  Prof. 
Desor,  26th  Feb.  1877,  and  to  which  I  drew  the  attention  of  Prof. 
Zirkel  by  letter  of  29th  Oot  1877.  In  the  text  to  the  geological 
profile  (German,  p.  22 ;  French,  p.  24)  they  are  described  as  blackish 
indistinct  points  (pores)  arranged  in  rows,  so  as  to  form  four-rayed 
stars  by  their  intersection  at  right  angles  to  each  other.  Professor 
Giimbel,  who  examined  my  slides,  declared  them  to  be  nnequivocally 
structnres  of  crinoids,  and  this  accords  with  the  occurrence  of 
circular  or  elliptic  sections  of  crinoid  stems  in  the  cipolines,  both 
inside  and  outside  the  tunnel  (Ruestli ;  heap  E.  from  Altkirche). 
The  woolly  threads  of  graphite  in  No.  45  are  partly  grouped  in 
polymorphous  net-works,  one  of  which  I  have  copied  in  Zeitsch.  d. 
deutsch.  geoL  Gesellsch.  voL  xxx.  1878,  p.  138.  No  palaeontologist 
who  has  seen  this  slide  has  doubted  the  organic  natnre  of  the  form 
contained  in  it ;  but  the  interpretations  of  its  character  have  varied 
between  corals,  sponges,  and  bryozoa — Prof.  J.  Hall  inclines  to  this 
latter  view  of  their  origin. 

I  believed  the  question  of  the  organic  character  of  the  fragments 
in  this  highly  crystalline  micaceous  limestone  to  have  been  settled ; 
but  finding  that  Prof.  Bonney  {loc,  ciL  p.  198,  footnote)  declared 
them  anew  to  be  pseudo-ovgsmo,  I  submitted  the  slides  to  Professor 
Mobius,  Director  of  the  Royal  Museum  at  Berlin,  so  well  known  for 
his  investigations  on  the  structure  of  Eozoon,  and  he  has  given  me 
permission  to  state  that  *'  these  forms  in  his  opinion  are  of  organic 
nature,  so  far  as  can  be  judged  from  a  hasty  examination  of  only  ttoo 
slides,  without  comparing  them  with  analogous  structures.*'  I  have 
lately  had  taken  microscopic  photographs  of  the  structures  in  the 
slides  referred  to,  Nos.  43,  45,  and  the  accompanying  figures  have 
been  reproduced  from  them  by  autotypic  process  (see  p.  16). 

With  regard  to  No.  45,  I  may  remark  that  the  light  gray  cross 
lines  of  the  net-work  seem  in  part  to  follow  the  cleavage  faces 
through  the  calcspar,  and  would  thus  agree  with  Prof.  Bonney's 
description  of  crinoidal  microstmcture  in  preparations  from  Scopi 
{loc.  cit,  p.  234r-35).  If  No.  45  should  beget  any  scruples  as  to  its 
real  nature,  they  would  not  afifect  No.  43,  in  which  the  black  points 
and  blisters  are  arranged  in  slightly  curved  lines,  which  intersect 
one  another  at  angles  of  about  80^  and  100^. 

Though  these  microscopic  traces  of  organisms  in  the  Altkirche 
cipolines  indicate  the  exist^^nce  of  crinoids,  which  were  already 
known  macroscopically  and  are  without  special  value  for  the  fixation 
of  geological  horizons,  yet  they  are  of  great  general  interest  as 
showing  how  the  structure  of  fragmentary  Jurassic  fossils  can  be 
preserved  in  highly  metamorpbio  micaceous  limestone.  It  is  now 
fourteen  years  since  they  were  first  noticed. 

V.  Classification  of  the  crystalline  schists  in  the  St.  Gothard  (and 
their  relation  to  the  Mesozoic  rocks). — The  first  arrangement  of  the 
beds  passed  through  in  the  St  Gothard  tunnel,  which  I  sketched  in 
the  '*  Neues  Jahrbaoh  fiir  Mineralogie,  etc.,"  1878,  haa  fivncft  i^- 
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Explanation  or  Autottpb  Figuhes  on  paob  16. 

Microscopic  sectioiu  of  micaceoas  limestone  from  the  St.  Gothard  tunnel,  showing 
traces  of  organic  atructures.  Reproduced  by  Autotypic  process.  Enlarged  to 
the  scale  of  180  diameters.  The  upper  one  is  from  Bed  No.  43 ;  the  lower 
from  Bed  No.  46.^ 

mained  the  gproandwork  for  the  subsequent  olasaifioations  published 
in  the  geologioal  profile  of  the  tunnel  (IhSO),  and  in  the  title  sheet 
of  the  geolo^oal  map  along  the  railway  line  (1885).  The  summary 
profile  between  the  Lake  of  the  four  Cantcms  and  that  of  Lugano,  as 
there  delineated  on  the  scale  of  T  :'250,000,  affords  an  insight  into 
the  structure  of  the  Lepontine  Alps  which  differs  materially  from 
others  drawn  up  before  the  construction  of  the  tunnel.  Space  would 
not  permit  me  to  give  detailed  references  to  this  profile,  and  I 
shall  therefore  restrict  myself  to  a  sketch  of  the  classification  of  the 
cr}'8talline  sohists  for  which  I  wish  to  maintain  my  priority. 

1.  The  mieaceotM  gneisB  with  predominant  magnesian-mica,  which 
in  the  central  part  of  the  Gothard  massif  occupies  the  Guspis  valley 
between  Oreno  di  Prosa  (dividing  ridge  of  the  St.  Gothard)  and 
Alpetligrat,  and 'extends  in  the  tunnel  for  a  distance  of  2270  metres, 
from  5450  m.  8.  to  7200  m.  N.,  is  the  oldest  or  deepest  of  the  crystal- 
Hdo  schists  of  the  St.  Gothard,  and  as  such  is  marked  by  J;  Guspia 
glimmer gnetBB.  One  peculiarity  of  the  same  beds  is  the  occurrence 
of  black  tourmaline  together  with  garnets.  Gneissic,  micaceous, 
amphibolic,  and  quartzitic  varieties,  exist  in  it,  as  well  as  in  the 
Bocceeding  groups,  and  they  have  been  carefully  set  out  in  the  Geol. 
Durchsch.  (1:200),  and  summarily  in  the  profile  of  the  tunnel,  not 
only  for  engineering  purposes,-  but  also  to  serve  as  marks  for  the 
identification  of  cryHtalline  strata  on  either  side  of  the  mountain. 

The  presence  of  rolled  quartz  grains  (sand)  in  some  beds  of  the 
Guspis  micaceous  gneiss,  which  have  been  duly  noted  in  the  Geol. 
Durchsch.  (for  instance  No.  130  N.  at  72^)2  m.  p.  178,  9),  and  in  the 
text  to  the  geol.  profile  (German,  pp.  28,  31,  3^3;  French,  pp.  31, 
34,  39),  proves  beyond  doubt  the  original  sedimentary  character  of 
this  gneiss,  and  this  view  is  corroborated  by  the  occurrence  of 
occasional  small  bands  of  limestone  (at  GlOO — 6110,  7352  N.),  fre- 
quently containing  microscopic  globules  of  graphite  or  other  coaly 
material.'  As  a  consequence,  all  the  succeeding  crystalline  schists 
of  the  St.  Gothard  must  also  be  considenMl  to  be  metamorphosed 
sediments,  so  far  as  they  ainnot  be  shown  to  be  of  plutonic  origin. 

2.  The  Sellagneiss,  southwards  of  the  micaceous  Guspis-gneiss 
and  the  Gamsboden-gneiss  (a  term  introduced  by  v.  Fritsch)  north- 
wards of  it,  occupy  the  second  horizon  of  the  crystalline  schists, 
which  is  marked  by  II.  I  consider  them  equivalent  to  the  Ticino 
gneiss  south  of  the  St.  Gothard,  which  is  crossed  by  the  railway  line 
between  Daziogrande  and  Claro,  and  noted  on  pis.  vi. — x.  of  the  map 

*  As  alreadr  niention«l  by  Prof.  Boiiney  {lor.  rif.  p.  19H)  hand-specimens  of  those 
•^t.  Gothani  rocks  are  prestrvHl  in  th»j  Min<»rjil«>^i(:il  Collection  of  the  British 
Mo^feum  (Xatural  History),  and  sections,  taken  fnun  the  on*;  niark(?d  No.  43,  show 
pret-iselT  similar  atructureH  to  tliose  in  tin;  accompanyinir  ti«rure. — Edit.  Geol.  Mag. 

'  There  ia  no  question  here  about  graphitic  mirrors  on  tissures. 
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as  Piottino  ^  and  Tessiner  gneiss  ;  and  also  equivalent  to  the  gneiss  in 
the  neighbourhood  of  Erstfeld,  north  of  St.  Gothard  (pi.  i.  of  map). 
In  the  tunnel  this  gneiss  with  its  varieties  and  occasional  intercala- 
tions of  micaceous  and  amphibolic  rocks,  occupy  about  1000  metres 
(4000-5000)  on  the  south  side,  and  1400  m.  (6000—7400)  on  the 
north  side,  but  it  should  be  observed  that  frequent  repetitions  and 
transitions  of  the  terminal  beds  tend  to  make  these  limits  rather 
elastic.  The  Sella  gneiss  II.  is  a  highly  crystalline  felspathic  rock, 
containing  both  potash-  and  magnesian-mica,  and  it  has  a  veiny, 
uneven  or  lamellar,  glandular  structure. 

3.  The  Sella  gneiss  is  succeeded  by  the  micaceous  gneiss  IIL, 
named  after  the  Alpe  Sorescia  on  the  south  side,  and  after  the 
Gurschen  Alp  on  the  northern  side.  It  occupies  in  the  tunnel 
800  m.  (3200-4000)  on  the  south,  and  1700  m.  (4300-6000)  on  the 
north  side.  The  predominant  mica  is  brown  or  grey  magnesian ; 
that  of  the  north  side  often  assumes  a  green  colour,  and  from  this 
and  from  the  occurrence  of  sericite  it  passes  over  into  Ursem  gneiss, 
whilst  accessory  garnets  and  hornblende  in  its  boundary  beds  on  the 
south  side  indicate  a  relation  to  the  felspathic  mica  schist  of  the 
Scipsius.  Moreover  the  rocks  of  this  series  have  more  frequently 
the  character  of  mica  schist  than  of  gneiss. 

The  gneissic  series  IIL  is  better  characterized  from  a  geological 
than  from  a  petrographic  standpoint.  The  peridotic  and  pyroxeuio 
serpentines  of  the  St.  Qothard  make  their  appearance  in  it,  as  also 
certain  of  the  black  garnet  schists  and  some  insignificant  ore 
deposits.  The  serpentines  which  crop  out  along  the  Ursern  valley, 
between  the  Unteralpthal,  Gige,  Hospenthal,  and  Zumdorf  (pis.  iii. 
and  iv.  of  geol.  map)  were  passed  in  the  tunnel  between  4870  and 
5310  m.  N. ;  and  an  analogous  series  of  lenses  of  serpentine  has 
been  followed  on  the  south  side,  in  the  same  micaceous  gneiss,  on 
both  slopes  of  the  Val  Tremola,  near  Seara  Orell  and  Fieudo  (pi.  v. 
of  geol.  map),  though  not  met  with  in  the  tunnel.  Beyond  the 
northern  slope  of  the  St.  Gothard  on  the  other  side  of  the  granitic 
Finsteraarhorn  gneiss,  diallagic  (?)  rock  appears  near  Gurtnellen  and 
down  on  the  railway  line  near  Meitschlingen  in  the  same  series  III. 
(or  IV.  ?).  Finally,  we  find  serpentine  south  of  the  Gothard  in  the 
neighbourhood  of  Belliuzona,  at  Cfistanetta,  E.  of  the  railway,  and 
at  Semen tina  W.  of  it — in  both  cases  in  micaceous  gneiss  belonging 
to  III.,  which  also  is  the  prevailing  rock  of  Mount  Ceneri  and  in  the 
Agno  valley  downwards  to  Gravesano  and  Manno,  where  it  meets 
the  Palaeozoic  rocks.  (Profile  on  title-sheet  of  map.)  The  black 
garnet  schists  of  the  Unteralpthal  and  Val  Cadlimo  (Lagoscuro),  which 
are  imbedded  in   the  micaceous  gneiss  III.   have  been  mentioned 

*  *'  Piottino  gneiss  "  means  the  uppermost  beds  which  on  Mount  Piottino  (Dazio- 
grande)  dip  under  the  mica  schist  formation.  Tessiner  gneiss  is  an  old  term  of 
Studer's,  which  refers  to  the  nearly  horizontal  stratii  of  gneiss  along  the  Ticino, 
Near  the  railway  station  Claro  they  abruptly  assume  a  sharp  southward  dip,  and 
are  then  overlaid  by  a  newer  gneiss  formation  (See  pis.  is.  and  x.  of  the  map  and 
Explanation  of  the  same  in  Zeits.  d.  deutsch.  geol.  Gesells.  1884,  vol.  xxxvi.,  also 
Neues  Jahrb.  f.  Mineral.,  1882,  vol.  i.  p.  72,  where  also  the  relation  between  the 
parallel  structure  and  the  stratification  of  the  Piottino  gneiss  ia  treated  of. 
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mkt  §  T.  Insigpiifiouit  amonnts  of  tineblende,  galena,  and  pyrite§ 
hive  been  found  in  the  same  gneiss,  not  only  at  the  surface  (mining 
tnili  in  Yal  Gadlirao),  but  also  in  the  tunnel  at  3250-70,  8376, 
8955  m.  S.,  and  at  4410  m.  N.  The  zinoblende  formerly  found  near 
Hoipenthal  ("  im  Sanm ")  and,  together  with  mispiokel,  in  the 
Tiefthal  near  Meitsohlingen,  on  the  north  side  of  the  Gk)thard,  may 
ilm  appeirtain  to  the  same  micaceous  gneiss,  as  also  that  near  St 
Kasaro  on  the  liago  Maggiore,  where  some  small  adits  have  been 
oominenced  in  former  times. 

4.  The  fourth  group  of  crystalline  schists,  comprising  transition 
neks  between  the  gneiss-formation  and  the  mica-schist  formation, 
ku  already  heen  mentioned  in  connexion  with  the  last  named  (§  /!.)• 
Hie  Ur$em  gneie$  of  the  north  side,  and  the  felspathic  mica  8ehi»U 
9f  ike  ScipsiuM  (south  side)  were  passed  in  the  tunnel  between 
20OO— 4300  m.  N.  and  1850—3200  m.  S.  respectively ;  the  former 
•QTeloping  the  troughs  of  the  Altkirohe  limestones  and  of  the 
nricitio  aohists  with  the  black  schists  of  the  Oberalp  road.  The 
appearance  of  slaty  gneiss  or  felspathic  mica  schist  northward  and 
lonthward  from  the  St.  Oothard  at  Gurtnellen  (probably  also  near 
imsteg),  in  the  Ticino  valley  south  and  west  from  Faido,  between 
the  Mocsa  and  Bellinzoua,  at  the  foot  of  Mount  Ceneri  is  recorded 
on  plates  ii.  vi.  viii.  x.  and  on  the  summary  profile  of  the  geological 
map.  Whilst  the  Ursem  gneiss  north  of  the  Altkirohe  limestones 
is  a  genuine  slaty  felspar-gneiss,  it  has,  south  thereof,  more  relation 
with  mica  schist.  Sericitio  mica  (besides  the  magnesian)  and  inter- 
calations of  quartzitic  and  gray-green  micaceous  beds  indicate  an 
analogy  between  these  rocks  on  both  sides  of  the  limestones ;  but  I 
should  not  be  opposed  to  a  separation  of  the  same,  if  the  deciphering 
of  the  geological  structure  of  the  Ursem  valley  would  thereby  be 
promoted.  The  felspathic  mica  schist  of  the  Scipsius  (south  side) 
differs  from  the  Ursem  gneiss  in  containing  abundantly  beds  of 
amphiholite ;  on  the  other  hand,  green  micaceous  and  calcAreons 
•tnta  are  common  to  the  Scipsius  schists  and  to  the  micaceous  Ursem 
gneiss  near  its  boundary  with  the  Gothard  massif. 

In  the  summary  profile  I  have  made  an  attempt  to  parallel  these 
groups  of  crystalline  schists  with  the  previous  classifications  of 
Favre,  von  Hauer,  and  Gastaldi,  without  being  convinced  that  such 
a  parallelization  is  practicable  in  detail ;  and  a  further  attempt  to 
fit  these  different  crystalline  schists  into  the  frame  of  the  American 
classification  of  the  Archsaan,  I  now  recognize  to  be  a  mistake,  since 
the  GU)thard  rocks,  from  L  upwards,  are  decidedly  younger  than 
Arohssan. 

5.  The  rocks  belonging  to  the  fifth  series,  viz.  gray  and  green 
mica  schists,  with  or  without  garnets  and  disthene,  sericite  schists, 
black  schists,  oalc  schists,  dolomites,  cipoline,  marble,  ranch wacke, 
have  been  characterized  in  §  I.-III.,  where  it  is  pointed  out  that  they 
extend  from  the  Carboniferous  to  the  Jurassic  age.  They  occupy 
the  trough  of  the  Ticino  on  the  south  side,  and  on  the  north  side  that 
of  the  Ursem  (pis.  v.-vii.  and  iii.-iv.  of  the  map ;  summary  profile 
oa  title  sheet)  ;  but  they  are  represented  also  north  of  the  Qo\\iT)L£^, 


20    -Dr.  F.  M.  Stapff^Crystalline  SchinU  of  the  Lepontine  Alps. 

between  Gurtnellen  and  Amsteg  (pi.  ii.),  and  south  of  it  in  the  Jorio 
pass,  E.  of  the  railway  line ;  and  the  calcareous  gneiss  near  Castione, 
with  imbedded  seams  of  marble  (pi.  x.),  probably  belongs  here, 
though  it  is  in  a  more  advanced  state  of  metamorphism. 

0.  The  Urseru  gneiss  IV.  is  broken  through  by  the  granitie  gneiss 
belonging  to  the  Fiusteraarhom  massifj  over  which  the  railway  line 
runs  from  Goschenen  to  Gurtnellen  (pis.  ii.  iii.).  It  dififers  from 
the  gneiss  of  the  St.  Gothard  and  Ticino  valley,  not  only  by  its  com- 
pact structure,  and  the  peculiar  habitus  of  the  quartz  and  felspars, 
but  also  by  the  predominant  iron-magnesian-mica  on  the  side  of 
pellicular  potash  mica.  I  have  marked  it  on  the  summary  profile  by 
O*,  thus  indicating  that  it  belongs  to  a  series  distinct  from  I.-IY. 
It  is  not  eruptive  or  plutonic  in  the  ordinary  sense  of  the  words,  but 
it  belongs  rather  to  an  horizon  deeper  than  the  lowest  (I.)  opened 
in  the  tunnel,  and  if  thrust  up  in  a  solid  state,  it  must  consequently 
have  been  after  the  Gothard  series,  either  in  immediate  connexion 
with  the  general  disruption  of  the  mountain  or  during  subsequent 
paroxysms.  Granulitic  contact  rock  limits  the  granitic  gneiss  on  its 
northern  and  southern  boundaries  (pis.  ii.-iii.). 

Eruptive  rocks  ? — In  connexion  with  the  upthrusted  but  not 
eruptive  granitic  gneiss  of  the  Fiusteraarhom  massif,  we  have  finally 
to  consider  two  rocks  of  the  St.  Gothard  which  seem  to  be  intrusive, 
viz.,  the  serpentines  and  the  granite.  The  peridotic  serpentines  already 
mentioned  as  embedded  in  the  micaceous  gneiss  III.  have  been  de- 
scribed petrographioally  in  the  Geol.  Durchs.  u.  Tabellen,  Nordseite, 
p.  114-123,  and  in  the  text  to  the  geol.  profile,  German,  p.  34; 
French,  p.  38.  With  regard  to  their  mode  of  occurrence  some 
diagrams  are  given  in  "  Materialen  fiir  das  Gotthard  profil ;  VerhandL 
der  Schweiz.  Naturf.  Gesellsch.,  1878."  In  spite  of  the  seeming 
discordance  between  the  serpentine  and  the  surrounding  micaceous 
gneiss,  which  is  very  plainly  seen  in  the  figures  of  the  treatises 
quoted  above,  I  believe  that  the  serpentine  originally  formed  lenticular 
beds  in  the  sedimentary  series  of  crystalline  schists,  which  in  the 
process  of  general  destruction  have  been  severed  in  pieces  and 
together  with  the  wall- rock  thrust  along  on  the  fissures.  Wherever 
such  a  faulted  fissure  forms  the  local  boundary  between  serpentine 
and  micaceous  gneiss,  the  former  appears  to  penetrate  the  latter. 

Granite, — A  belt  of  granite  extends  eastwards  from  the  Pizso 
Botondo  on  the  north  side  of  the  Ticino  valley,  and  disappears,  after 
passing  the  Yal  Tremola,  without  reaching  the  line  of  the  tunnel 
(pi.  v.).  It  is  a  typical  granite  which  does  not  belong  to  the  St 
Gothard  series  of  crystalline  schists ;  it  has  a  compact  granitic  struc- 
ture, and  is  distinguished  by  the  light  rose  colour  of  its  quartz.  On 
the  Alpe  Fieudo  (below  the  Fibbia),  in  Val  Tremola,  and  near  the 
Sella  bridge  (below  the  hospice),  direct  contacts  between  this  granite 
and  the  micaceous  gneiss  (III.)  show  its  intrusive  character  (sketch 
on  pi.  y.  of  geol.  map.  along  the  railway  line),  but  stepping  over  the 
granite  from  its  point  of  contact  south  of  the  Sella  bridge,  towards 
the  Hospice,  one  observes  a  gradual  transition  into  the  so-called 
Gothard  granite  (Fibbia  gneiss),  or  what  I  have  designated  as  SeUa 
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gneiss  (II.).  Here  the  relation  between  the  granite  and  gneiss 
beoomee  rather  puzzling;  I  have  shown  its  details  in  a  profile 
(1 :  10,000)  on  pL  Y.  of  the  map,  and  described  them  in  a  paper 
(''Ueber  das  Yerhaltniss  des  Granits  zum  Gneiss  am  Gottbard  ") 
iwd  at  the  55th  meeting  of  Deutsche  Naturforscher  u.  Aerzte,  held 
at  £isenach,  1882. 

Wbimbhsbb,  Bkbldt,  7  Oet.f  1891. 


IIL — ^Thb  Fauna  of  thb  Olbnellus  Zonb  in  Wales. 
By  Hbnbt  Hicks,  M.D.,  F.R.S.,  SecG.S. 

IN  his  recently  published  excellent  Memoir  on  the  " Fauna  of  the 
Lower  Cambrian  or  Oleuellus  Zone,"  *  Mr.  Walcott  has  referred 
briefly  to  the  presence  of  the  fauna  in  Wales.  The  following 
additional  facta  bearing  on  the  question  may  therefore  be  of  some 
interest,  and  they  will,  I  think,  show  that  there  is  strong  evidence 
in  favour  of  the  conclusion  arrived  at,  that  the  Olenellus  fauna 
occurs  in  the  Caerfai  Group  of  St.  Davids,  and  in  beds  at  the  same 
liorizon  in  North  Wales. 

South  Wales, 
In  the  year  1871,  in  a  paper  printed  in  the  Q.J.G.S,  vol.  xxvii. 
p.  399,  I  described  and  figured  some  fossils  which  I  had  discovered 
near  the  base  of  the  Lower  Cambrian  Rocks  at  St.  David's.     They 
were  Lingtdella  prinuBva,  Discina  piteolus?,  Leperditia?  CamhrenaiSf 
and  **  part  of  the  head  of  a  Trilobite  from  a  bed  at  the  base  of  the 
porple  rocks  about  8000  feet  below  the  Menevian  Group  "  (i.e.  in 
the  beds  immediately  following  the  basal  Cambrian  Conglomerate, 
which  rests  unconformably  on  the  Pre-Cambrian  rocks).     The  Trilo- 
bite (head)  (fig.  18,  pi.  xv.)  was  too  indistinct  for  identification,  and 
I  refer  to  it  now  mainly  to  note  the  interesting  fact  that  a  Trilobite 
had  been  discovered  at  that  time  at  the  very  base  of  the  Cambrian 
at  St.  David's.  What,  however,  has  proved  since  to  be  of  more  import- 
ance was  the  discovery,  about  the  same  time,  in  a  highly  cleaved 
red  slate  near  the  same  horizon,  of  several  small  fragments  which 
I  recognized  to  be  portions  of  a  Crustacean,  but  which  I  then  in- 
correctly associated  under  one  name  in  my  description  of  Leperditia  ? 
CambreMts.    These  fragments  and  others  I  have  since  obtained  have 
now  satisfied  me  that  they  are  portions  of  heads  of  a  species  of  Olenelhis. 
In  referring  to  them  I  said  that  some  of  the  specimens  "  show  a  reticu- 
lated ornamentation."    This  form  of  ornamentation  of  the  surface  has 
now  been  shown  by  Professor  Schmidt.^  Mr.  Walcott,  and  others  to  be 
characteristic  of  Olenelltu.    I  am  hoping  that,  ere  long,  another  zone 
may  be  discovered,  in  beds  which  have  suffered  less  from  cleavage, 
and  that  it  might  be  possible  to  give  specific  identifications,  but  at 
present  it  is  only  possible  to  say  that  the  genus  does  occur  there, 

1  Extract  from  the  Tenth  Annual  Report  of  the  Director  of  the  U.S.  Geological 
Sorrey,  Washington,  1890. 

2  '*  IJeber  eine  Neuentdeckte  IJntercamhrische  Faana  in  Estland,'*  St.  Petersbourg, 
1888. 
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and  that  the  horizon  of  the  fauna  is  very  near  the  base  of  the  series. 
As  this  fauna  is  separated  by  about  1000  feet  of  red  and  purple 
sandstones  and  slates  from  the  next  overlying  fauna  {Plutonia 
Sedgmckii  and  Conocoryphe  Lyellii  zone),  it  is  quite  possible  that 
other  zones,  containing  different  species,  may  occur  between,  for  in 
the  higher  beds  containing  Paradoxidea  each  important  zone  is 
characterized  by  a  new  species.  In  the  Cambrian  succession  at  St. 
David's  the  most  marked  changes  in  the  sediments  occur  almost 
immediately  below  the  Plutonia  beds,  and  at  the  top  of  the  Menevian, 
but  the  greatest  palssontological  break  is  undoubtedly  at  the  close  of 
the  Menevian.  This  tempted  me  in  former  papers  to  divide  the 
Cambrian  at  St.  David's  into  an  Upper  and  a  Lower  division  only, 
but  as,  at  present,  there  seems  to  be  a  desire  to  make  a  threefold 
division,  there  can  be  no  serious  objection  to  restricting  the  terms 
Lower  Cambrian  to  the  Caerfai  Group  (Olenellus  fauna).  Middle 
Cambrian  to  the  Solva  and  Menevian  Qroups  (Paradojtdes  fauna) 
and  Upper  Cambrian  to  the  Maentwrog,  Ffestiniog,  Dolgelly  and 
Tremadoc  Groups.  I  may  here  mention  that  the  sandstones  at  the 
top  of  the  Menevian,  which  yielded  Orthis  Hicksti  and  other  Brachio- 
pods,  are  now  known  to  contain  a  Paradoxides,  probably  a  new 
species,  and  a  new  species  of  Conocoryphe  (which  I  hope  to  describe 
shortly).  This  somewhat  extends  the  range  upwards  of  Paradoxidea, 
but  the  genus  is  still  confined  within  the  limit  of  the  Menevian 
Group. 

North  Walea. 

After  referring  to  the  fossils  found  in  the  Lower  Cambrian  rocks 
of  St.  David's,  Mr.  Walcott  says  (p.  680) :  "  These,  with  the  species 
from  North  Wales,  described  by  Dr.  Henry  Woodward  *  as  Cono- 
coryphe viola,  do  not  prove  the  presence  of  the  Olenellua  zone ;  but 
the  weight  of  stratigraphic  evidence  is  so  strongly  in  favour  of 
including  them  in  its  fauna  that  1  shall  do  so.  In  the  summer  of 
1888  I  visited  the  locality  of  Conocoryphe  viola,  and  found  fragments 
of  it  associated  with  a  species  of  Ilyoliihea,**  Mr.  Walcott's  visit 
was  made  during  the  excursion  of  the  International  Geological 
Congress,  which  I  conducted  to  the  Penrhyn  Slate  Quarries,  in  1888. 
The  position  of  this  fossil  is  given  in  the  '*  Explication  des 
Excursions,"  p.  38,  as  near  the  horizon  of  the  Plutonia  and  Cono* 
coryphe  Lyellii  zone  at  St.  David's ;  but  it  is  quite  possible  that  it 
might  be  somewhat  lower  than  that  horizon,  though  evidently  higher 
than  the  Lingulella  primttva  zone.  Most  of  the  red  and  purple  slates 
occur  below  the  C.  viola  zone,  and  there  are  evidences  of  fossils  in 
these  beds.  The  succession  in  the  Cambrian  rocks  at  Penrhyn, 
Llanberis  and  in  the  Harlech  Mountains,  so  nearly  resembles  that 
at  St  David's  that  it  has  been  possible  to  indicate  the  position  in 
those  areas  of  all  the  main  zones  found  at  St.  David's,  and  at  present 
it  only  remains  for  them  to  be  worked  out 

The  following  section  contains  the  chief  fossiliferous  zones  which 
are  now  known  to  occur  in  the  Cambrian  rocks  of  Wales,  and  by 
its  side  I  place  a  section  which  was  given  for  Wales  in  my  paper 

1  Quart.  Journ.  Geol.  Soo.  yoL  xUt.  p.  74. 
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"  On  the  Physical  Conditions  under  which  the  Cambrian  and  Lower 
Silurian  Rocks  were  probably  deposited  over  the  European  Area/' 
in  the  Q.  J.Q.S.  for  1875,  which  has  been  reproduced  by  Mr.  Walcott, 
along  with  the  map  and  sections  for  other  European  areas,  in  his 
monograph.  The  main  lines  of  division  and  zones  remain  as  given 
in  that  section,  but  it  has  since  been  possible  to  make  several  im- 
portant sub-divisions  and  to  add  new  zones.^ 

The  information  obtained  since  the  Map  was  published  has  con- 
firmed the  view  I  expressed  in  the  paper  that  wherever  the  base  line 
of  the  Cambrian  is  seen  throughout  the  European  area,  it  is  almost 
invariably  found  to  "  rest  unconforniably  upon  an  earlier  series  of 
rocks/'  and  that  the  beds  varied  in  thickness  and  character  in  ac- 
cordance with  the  unevenness  of  the  old  pre-Cambrian  floor  and 
along  fairly  well-marked  lines  of  depression.  It  is  not,  of  course,  to 
be  expected  that  there  should  be  an  unconformable  break  between 
the  Cambrian  and  Pre-Cambrian  in  all  parts  over  a  very  large  area, 
and  Mr.  Walcott  shows  that  there  is  conformity  at  that  horizon  in 
several  districts  in  America.  In  future  the  faunas  must  determine 
the  position  where  there  is  any  doubt  as  to  the  presence  of  a  physical 
break.  In  Britain  fortunately  there  is  evidence  of  a  very  marked 
break  at  the  base  of  the  Cambrian  in  all  the  areas  examined. 


rV. — Heade's  Theory  op  Mountain-Building. 
By  A.  J.  Jukbs-Brownb,  B.A.,  F.G.S. 

MR.  MELLARD  READERS  book  on  the  "  Origin  of  Mountain 
Ranges  "  has  now  been  before  the  geological  public  for  five 
years ;  it  has  been  reviewed  in  this  Magazine  and  elsewhere,  and 
several  more  or  less  weighty  objections  to  the  theory  have  been  put 
forward ;  but  no  very  complete  examination  of  it  has  been  attempted. 
This  may  be  partly  due  to  the  manner  in  which  Mr.  Reade  has  pre- 
sented his  theory,  for  he  has  certainly  been  too  diffuse  over  points 
which  require  very  slight  illustration  and  not  nearly  explanatory 
enough  on  other  points  of  great  physical  difficulty. 

Having  had  occasion  to  pay  some  attention  to  the  subject,  it  has 
seemed  to  me  that  some  of  the  difficulties  raised  by  some  of  his 
critics  are  not  so  great  as  they  imagine,  while  there  are  other  diffi- 
culties which  neither  Mr.  Reade  nor  his  critics  have  sufficiently 
considered.  It  may  seem  rather  presumptuous  on  my  part  to 
enter  a  field  of  controversy  where  such  men  as  0.  Fisher,  C.  Davison, 
and  M.  Reade,  are  the  debaters,  and  where  the  chief  weapons  used 
— physics  and  mechanics — are  such  as  I  have  small  acquaintance 
with.  But  some  of  the  questions  dealt  with  can  be  handled  without 
more  than  an  elementary  knowledge  of  these  subjects,  and  I  fancy 
there  are  many  geologists  who  wish  to  know  exactly  how  far  Mr. 
Readers  theory  can  be  accepted  as  a  vera  cauea.  In  what  follows, 
therefore,  I  am  only  endeavouring  to  assist  in  forming  a  conclusion 
on  this  point 

^  See  **  The  ClaBsification  of  the  Eozoic  and  Lower  Palaeozoic  Rocks,"  Popular 
Bci.  Rev.  1881,  and  **  Recent  Researches  among  Lower  Pala&ozoic  Rocks,*'  Proceed. 
Geol.  Assoc,  vol.  yii. 


A,  J.  Juke^-Browne — Mellard  Readers  Mountain  Building.     25 

In  tbe  first  place  I  will  deal  with  three  objections  which  seem  to 
me  to  be  capable  of  being  partially  answered  : 

1.  Mr.  Fisher,  reviewing  the  book  in  this  Maoazinb,^  criticizes 
Mr.  Reade's  conception  of  the  physical  state  of  tbe  material  below 
the  crust :  the  wording  of  the  passage  quoted  from  Mr.  Reade's  book 
that  this  material  is  *'  solid  by  compression,  but  ready  to  flow  one 
way  or  other,  as  the  pressure  may  be  reduced  or  increased,*'  is 
certainly  loose,  but  the  context  plainly  shows  Mr.  Reade's  conception 
of  the  material  at  about  thirty  miles  depth  to  be  that  it  is  permanently 
flaBtiCt  and  only  kept  from  liquefaction  by  the  pressure  of  a  thirty 
mile  cmst  above  it.  If  the  pressure  were  relieved,  it  would  become 
liquid;  if  everywhere  increased,  it  would  become  rigid;  but  if  the 
plastic  zone  is  deep,  and  a  small  area  of  the  crust  is  weighted  and 
depressed,  the  plastic  material  beneath  may  be  displaced  (without 
being  made  to  flow  as  a  liquid)  and  might  have  the  effect  of  slightly 
bulging  up  the  crust  around  the  depressed  area.  This  is  Mr.  Reade's 
Tiew,  bat  his  use  of  the  word  flow  suggests  the  idea  of  the  liquidity 
which  he  did  not  mean  to  convey. 

2.  Mr.  Fisher  finds  a  second  difficulty  in  the  fact  that  the  trans- 
ference of  beat  from  the  plastic  magma  to  the  depressed  crust  would 
take  place  concurrently  with  the  depression,  **  so  that  the  swelling 
up  (by  expansion)  would  begin  at  once.''  Mr.  Reade's  own  reply 
to  this  (Phil.  Mag.  1891,  p.  491)  does  not  seem  very  happy:  his 
own  book  (pp.  93  and  122)  affords  a  better  answer ;  for  he  says  tlie 
first  accession  of  heat  would  be  employed  in  lateral  expansion,  and 
in  folding  and  crushing  the  mateiials  of  the  crust  which  underlay 
the  newly -deposited  sediments.  He  thinks  the  expansion  of  tbe 
lower  layers  of  the  weighted  crust,  being  confined  by  the  surrounding 
tracts  and  by  the  weight  of  the  upper  layers,  would  develope  internal 
strains,  and  that  much  of  the  heat  would  be  expended  in  doing  work, 
t.e.  in  developing  a  force  which  would  ultimately  produce  foliation 
by  a  process  of  forcible  detrusion,  crushing  and  repacking  or  refor- 
mation of  constituents,  when  at  length  it  became  easier  for  the 
expansive  force  to  lift  the  overlying  mass  of  tbe  crust  rather  than 
to  exercise  further  lateral  compression. 

The  above  are  Mr.  Fisher's  two  principal  objections  to  the  theory 
of  upheaval  by  cubical  expansion,  and  be  afterwards  says,  '*  If  tbe 
two  preliminary  difficulties  can  be  disposed  of,  the  theory  seems  well 
suit^  to  explain  the  formation  of  elevated  plateaux.  But  for  pro- 
ducing the  intense  corrugation,  which  cbaracterizes  most  mountain 
ranges,  the  amount  of  horizontal  expansion  which  it  affords  appears 
inadequate."  In  this  remark  I  quite  agree  with  him  for  reasons 
which  will  appear  in  the  sequel. 

3.  Before,  however,  we  can  accept  Mr.  Reade's  theory  as  a  real 
cause  of  upheaval,  we  have  to  reckon  with  Mr.  Davison,  who  has 
published  what  be  regards  as  a  fundamental  objection  to  the  theory.* 
He  writes,  however,  as  if  it  was  the  accumulating  sediment  only 
that  received  an  accession  of  heat,  and  as  if  the  crust  below  did  not 
partake  in  this  accession.     He  says   the  heat  which  expands   the 

»  Dec  III.  Vol.  IV.  p.  229, 1887.  '  Geol.  Mao.  May,  U9\,  ^.  1Y\. 
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sediments  mast  be  withdrawn  from  the  ctast  below,  that  this  ortist 
losing  heat  will  contract,  and  that  the  expanding  sediment  will 
follow  a  retreating  crust,  so  that  no  upheaval  will  take  place  at  all, 
the  total  volume  of  crust  and  sediment  remaining  unaltered. 

But  these  are  not  the  conditions  of  Mr.  Reade's  theory.^  The 
crust  is  depressed  by  the  weight  of  sediment,  and  it  is  the  lower 
part  of  the  original  crust  which  is  the  first  to  expand  by  receiving 
heat  from  below.  It  is  true  that  this  only  transfers  the  application 
of  Mr.  Davison's  argument;  the  heat  is  conveyed  from  one  layer 
to  another,  and  if  the  crust  is  receiving  heat  from  the  plastic  nnder- 
stratum,  the  latter  will  be  cooled  and  lessened  in  volume  mnieMs  its 
loss  is  made  good.  But  what  is  to  prevent  the  loss  from  being 
made  good? 

Mr.  Fisher  has  a  remark  on  this  point  which  is  quoted  by  Mr. 
Davison,  though  he  avoids  the  consideration  of  it  Mr.  Fisher 
observes  that  *^  there  can  be  no  absolute  increcuse  in  the  amount  of 
heat  beneath  the  area  in  question  except  such  as  is  supplied  to  it 
laterally."'  This  means  that  in  his  opinion  some  heat  could  be 
supplied  laterally,  and  that  heat  lost  by  one  part  of  the  interior  will 
be  made  good  by  the  conduction  of  heat  from  the  surrounding  parts 
nntil  the  temperature  of  the  whole  is  equalized  ;  this  may  be  a 
slow  process,  but  it  is  surely  a  correct  view,  and  one  that  Mr. 
Davison  is  bound  to  consider. 

If  the  local  loss  of  heat  is  thus  distributed  over  the  whole  internal 
mass  of  the  earth,  there  will  be  an  absolute  increase  in  the  amount 
of  heat  below  the  sinking  area,  because  the  heat  gained  will  be 
localized  in  the  thickened  crust.  This  thickened  crust,  composed 
partly  of  ancient  crust  material  and  partly  of  recent  sediment,  will 
expand ;  but  how,  in  what  manner,  and  to  what  extent,  will  it 
expand  ?     These  are  the  questions  now  before  us. 

Mr.  Keade  assumes  that  as  soon  as  the  depressed  tract  of  crust 
begins  to  expand,  the  expansion  will  be  localized  and  will  form 
a  ridge  parallel  to  the  longer  diameter  of  the  depressed  area.  He 
rests  this  belief  on  the  results  of  certain  experiments  and  observa- 
tions made  on  the  expansion  of  metal  plates  which  did  sO  ridge  up 
when  heated.  But  the  conditions  of  these  experiments  did  not 
resemble  those  of  a  weighted  crust  free  to  bend  downwards,  and 
consequently  they  do  not  afford  a  sound  basis  for  his  relief. 

The  ridging  up  of  the  leaden  floor  of  a  pantry-sink  exposed  to 
alternate  expansions  and  contractions  by  the  contact  of  hot  and  cold 
water ;  or  the  heating  of  a  sheet  of  lead  which  is  screwed  down  to 
a  block  of  wood,  cannot  afford  any  clue  to  the  manner  in  which 
expansion  would  occur  in  a  lenticular  mass  of  material,  heated  from 
below,  slowly  sinking  and  able  to  expand  in  almost  any  direction, 
but  especially  in  any  upward  direction.     Without  closely  imitating 

^  Mr.  Daviflon  infonns  me  that  his  note  had  no  special  reference  to  Mr.  Keade's 
book,  but  was  simply  a  criticism  on  the  **  fundamental  principle  '*  of  the  expansion 
theory. 

*  Physics  of  the  Earth's  Crust,  second  edition,  p.  123,  repeated  from  the  first 
edition  of  1881, 
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tlwie  oonditionsp  it  is  impouible  to  say  how  saoh  a  mam  would 
aooommodate  itaelf  to  the  atreases  set  up  by  ezpansioui  but  it  doea 
Bot  teem  likely  that  a  mass  which  is  thickest  in  the  centre  would 
**  buckle  '*  or  ridge  itself  up  along  a  continuous  diametric  line ;  one 
would  think  that  it  was  more  likely  to  develope  a  set  of  concentric 
lidges  near  the  edges,  if  any  such  ridges  were  produced  at  all. 

It  is  quite  possible  that  the  crust  below  such  a  mass,  being  held 
drcumferentially  by  the  solid  crust  around  it,  would  expand  within 
its  own  area,  and  the  internal  compression  resulting  from  this 
expansion  might  well  produce  some  plication  of  the  component  rock- 
beds;  the  expansion  would  be  greatest  where  the  depression  was 
greatest  and  the  combined  crust  and  sediment  were  thickest,  but  the 
plication  would  be  greatest  where  the  mass  was  thinnest  and  weakest, 
and  there  is  no  apparent  reason  why  any  part  should  throw  itself 
into  a  great  surface  earth-wave ;  yet  that  is  what  Mr.  Mallard  Beade 
issnmea  it  would  do  ! 

Again,  if  the  expansion  could  be,  or  were  likely  to  be,  so  localized 
as  to  cause  a  gigantic  and  continuous  plication  of  the  crust,  the 
bending  is  not  likely  to  be  entirely  upwards.  Mr.  Reade  begins 
with  assuming  a  plastic  substratum  ;  but  when  he  comes  to  consider 
the  expansion  of  the  crust,  he  appears  to  assume  a  foundation  which 
ia  rigid  enough  to  supi)ort  that  crust  without  yielding  to  pressure. 
In  all  probability  the  compression  which  would  cause  an  upward 
anticlinal  swelling  would  force  some  other  part  of  the  bending  crust 
still  further  downwards  into  the  plastic  substratum,  and  the  most 
probable  result  would  be  a  central  anticline  flanked  by  smaller 
synclinal  plications.  It  is  true  that  the  toted  extent  of  the  down- 
ward displacements  would  probably  be  less  than  that  of  the  upward 
bulge,  but  any  downward  displacement  will  detract  from  the  avail- 
able upward  expansion,  and  Mr.  Keade  requires  all  he  can  get  for 
his  mountain-building. 

One  of  the  most  suggestive  parts  of  Mr.  Beade's  book  is  his  theory 
of  plication  by  internal  expansion  (chapter  xv.).  He  points  out 
that  if  the  corrugations  of  mountain  chains  have  been  formed  by  a 
compressive  force  acting  from  outride  the  orographic  area,  then  the 
corrugated  beds  must  originally  have  occupied  a  much  wider  space, 
the  space  in  fact  which  they  would  now  cover  if  pulled  out  straight. 
This  is  assumed  by  most  geologists,  and,  taking  it  for  granted,  they 
Lave  calculated  that  the  brea<Uh  of  country  now  occupied  by  the 
Alps  has  been  shortened  by  72  miles,  and  that  occupied  by  the 
Appalachians  has  been  shortened  by  88  miles,  that  is  to  say,  two 
apots,  one  on  each  side  of  the  Appalachian  Mountains,  have  been 
brought  nearer  to  one  another  by  88  miles,  and  Mr.  Reade  asks 
whether  geologists  have  fully  realized  what  this  means. 

If,  on  the  other  hand,  the  plications  are  due  or  even  largely  due 
to  the  compression  produced  by  the  internal  expansion  of  the  mass, 
tbey  result  from  actual  lengthening  of  the  strata  throughout  the 
whole  breadth  of  the  orographic  area,  and  consequently  they  do 
not  involve  any  lateral  movement  in  space.  This  seems  to  me  a 
point  that  is  well  worth  consideration. 
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It  is  a  question,  however,  whether  the  plioations  are  wholly 
formed  by  expansive  compression ;  if  they  are,  then  they  become 
a  measure  of  the  expansion.  Now  in  the  case  of  the  Alps  the  cal- 
culated shortening  is  nearly  as  great  as  the  actual  width  of  the 
range ;  in  other  words,  the  expansion  must  have  doubled  the  length 
of  the  beds  laterally  ;  to  do  this  it  must  have  doubled  the  volume 
of  the  solid  mass  out  of  which  the  range  was  formed.  Let  us  apply 
this  result  to  an  area  of  the  size  used  by  Mr.  Heade  for  illustrative 
calculation,  viz.  one  measuring  500x^00x20  miles,  which  is  equal 
to  600,000  cubic  miles.  Now  if  this  is  doubled  by  expansion, 
500,000  cubic  miles  has  been  added  to  the  mass,  but  the  cal- 
culated expansion  of  such  a  block  raised  by  1000^  F.  is  only  78,400 
cubic  miles,  and  is  therefore  very  far  short  of  the  required  amount 
The  conclusion  I  would  draw  from  this  little  calculation  is  that  the 
plications  are  not  wholly  due  to  expansion. 

Finally,  it  seems  desirable  to  point  out  to  Mr.  Beade  that  the 
assumption  of  a  plastic  substratum  will  not  satisfy  Sir  W.  Thomson's 
demands  for  the  rigidity  of  the  Earth  as  a  whole.  Mr.  Reade  can- 
not have  a  substratum  that  is  plastic  enough  to  yield  to  such  a  small 
terrestrial  influence  as  the  local  accumulation  of  sediment,  while  it 
is  rigid  enough  to  resist  the  deforming  tidal  influences  of  the  sun  and 
moon.  The  only  way  out  of  this  difficulty  is  the  assumption  of 
a  liquid  substratum  saturated  with  dissolved  gas:  this  is  Mr. 
Fisher's  view,  and  it  affords  a  much  more  satisfactory  basis  for  the 
explanation  of  terrestrial  movements. 

Postscript. — Correspondence  with  Mr.  Davison  leads  me  to  see 
that  although  the  temperature  of  the  mass  below  the  depressed  area 
will  be  raised  by  conduction  of  heat  from  the  surrounding  parts,  yet 
that  these  surrounding  parts  will  contract  in  parting  with  heat ; 
consequently  if  this  conduction  is  fairly  rapid  and  the  further  equali- 
zation of  temperature  is  a  slow  process,  the  mass  which  is  receivins^ 
heat  may  expand  laterally  into  the  spswes  formed  by  the  contraction 
of  the  parts  immediately  outride  it,  instead  of  expanding  upwards 
and  raising  the  depressed  crust  Mr.  Davison  therefore  still  main- 
tains that  no  upheaval  would  result  from  the  expansion  of  a 
depressed  portion  of  the  crust,  and  until  his  argument  can  be 
answered  it  certainly  cuts  at  the  root  of  the  expansion  theory  of 
surface  upheavals. 

V. — On  the  Oocurrenob  of  Xanthidia  (Splviferites  op  Mantell) 
IN  THE  London  Clay  of  the  Isle  of  Sheppet. 

By  E.  W.  Wbthbrell,  F.G.S. 

rE  vexed  question  of  the  affinities  of  the  fossil  organisms  known 
as  Xanthidia — a  question  which  only  experienced  zoologists 
and  botanists  can  hope  to  solve — will  not  be  discussed  in  this  short 
paper,  my  intention  being  merely  to  show  that  these  interesting 
organisms  are  not  confined  (in  England)  to  the  Chalk  flints  and 
^rejr  Chalk,  but  exist  in  the  London  Clay,  and  to  give  a  short  acooimt 
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of  the  means  of  isolation  and  of  the  appearance  of  these  minute 
fossils. 

I  may  here  mention  that  all  writers  ^  previous  to  Mr.  Henry  Deane 
speak  of  them  as  spherical  bodies;  but  these  earlier  observers,  including 
the  discoverer  Ehrenberg,  had  only  examined  fossil  Xanihidia  in 
chips  of  flint;  whereas  Mr.  Deane ^  succeeded  in  isolating  them.  Mr. 
Deane  took  a  fragment  of  Grey  Chalk,  obtained  from  the  beach  between 
Folkestone  and  Dover,  and  dissolved  it  in  hydrochloric  acid,  and  in 
the  residue  he  discovered  these  organisms — which  he  describes  as 
not  being  true  spheres,  but  somewhat  flattened,  having  a  remark- 
able resemblance  to  some  gemmnles  of  sponges,  and  having  a 
areolar  opening  in  one  of  the  flattened  sides.  Mr.  Deane  adds  that 
on  submitting  some  individuals  to  pressure  between  glass  plates, 
they  were  torn  asunder  laterally  like  a  horny  substance,  and  the 
spines  in  contact  with  the  glass  were  bent,  while  some  specimens  after 
soaking  in  water  became  flaccid  showing  that  they  were  not  siliceous. 

Having  thus  briefly  described  Mr.  Deane's  results,  I  will  proceed 
to  the  description  of  the  London  Clay  forms  and  the  method  of 
obtaining  them. 

My  attention  was  first  called  to  them  in  the  finer  siftings  of  the 
washing  of  clay  obtained  from  the  cliff  near  Minster,  Sheppey. 
This  clay  I  obtained  at  a  height  of  about  four  feet  above  the  beach, 
and  it  is  of  a  greenish  colour — all  the  clay  above  and  below  being 
brown  and  much  more  compact.  A  great  number  of  organisms  can 
be  seen  in  this  clay  without  the  aid  of  a  magnify ing-glass,  whereas 
the  brown  clay  contains  few  fossils. 

The  first  specimens  of  Xanihidia  found  were  very  much  damaged, 
so  I  altered  the  method  of  washing  in  the  following  way.  The  clay 
was  disintegrated  on  a  piece  of  perforated  zinc  immersed  in  water, 
and  after  an  hour  or  so  the  zinc  was  gently  shaken  and  all  the  finer 
particles  went  through,  leaving  the  larger  fossils,  such  as  Gasteropods, 
vertebras,  and  teeth  of  fishes,  etc.,  on  the  zinc,  which  was  then 
removed,  and  the  finer  material  was  again  sifted  in  the  wet  state 
through  a  wire  sieve  90  x  90  holes  to  the  square  inch  ;  this  separated 
out  the  larger  Foraminifera  (which  exist  in  this  deposit  in  great 
numbers  of  the  genera  CrtBtellariaf  Marginulinay  NodoBaria,  etc.),  and 
the  finest  material  was  then  washed  and  dried  in  the  ordinary  manner, 
and  gave  far  better  results  than  the  material  resulting  from  washing 
in  the  ordinary  way.  A  microscopical  examination  of  this  finest 
sifting  showed  a  great  number  of  Xanihidia,  which  for  the  most  part 
follow  two  types  which  can  be  easily  distinguished,  although  there 
are  a  great  many  minor  varieties  of  each  of  them.  In  many  cases 
these  organisms  are  found  joined  together,  in  pairs  or  with  five  or 
six  individuals  massed  together. 

Their  characters  are  as  follows :  shape,  lenticular ;  some  specimens 

*  Ehrenberg,  1836,  Bericht.  des  Akademie  Wissenschaften  zu  Berlin,  p.  114. — 
vide  also  Abhandiungen  Konigl.  Akad.  Wissensclialten  zu  Berlin,  1836  (published 
1838),  p.  114.  — Turpin,  Comptes  Rendus  de  rAcademie  des  Sciences,  1837. 

'  Microa.  Soc  Trans.  Oct.  16th,  1845,  toI.  iL  p.  77* 
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far  flatter  than  others,  but  this  may  be  due  to  pressure ;  in  some  the 
spines  (tentaoula  of  White)  ^  appear  to  be  round  the  edge,  and  also 
springing  out  obliquely  from  the  flattened  sides,  and  in  others  they 
appear  to  be  round  the  edge  only.  The  flattened  surface  of  the 
organism  is  very  variable  in  shape,  sometimes  almost  truly  circular, 
in  other  cases  elongated,  and  often  very  irregular  in  contour. 

The  length,  thickness,  and  number  of  these  spines  varies  very 
considerably,  giving  rise  to  the  two  types  above  referred  to.  One 
type  has  the  central  body-portion  circular  and  small  with  a  large 
number  of  regular  radial  spines,  almost  as  long  as  the  diameter  of 
the  body  portion,  and  very  thin,  the  ends  much  branched.  The 
other  type  has  a  much  larger  body,  more  irregularly  shaped,  fewer, 
shorter  and  thicker  spines,  which  branch  out  very  irregularly, 
crowded  together  in  one  part  and  scanty  in  other  parts. 

When  viewed  by  reflected  light,  Xanthidia  appear  to  be  white, 
or  pale  brownish,  and  the  spines  are  transparent.  If  seen  by 
transmitted  light,  however,  when  mounted  in  glycerine,  the  body 
portion  becomes  more  or  less  translucent,  and  is  of  a  distinct  green 
colour.  This  greenish  body  contains  black  spots,  and  in  some  few 
cases  the  whole  body,  except  the  very  edge,  is  opaque.  Glycerine 
shows  the  whole  form  better  than  any  other  medium,  Canada 
Balsam  having  an  index  of  refraction  which  prevents  the  spines 
being  seen.     These  spines  can  be  bent  by  pressure  when  wet. 

Saffronine  stain  was  taken  up  by  the  body,  but  the  spines  were 
but  little  affected. 

The  diameter  of  these  minute  organisms  is  about  iV  nim.,  coin- 
ciding exactly  with  the  measurement  of  the  Chalk  forms. 

With  reference  to  the  greenish  clay  which  contains  Xanthidia, 
I  should  mention  that  it  is  not  a  distinct  bed  or  band,  but  a  patch, 
and  contains  great  quantities  of  fish-remains  (vertebrse,  spinous  pro- 
cesses, otoliths,  scales,  etc),  besides  the  Mollusca  and  Foraminifera. 
Although  a  patch,  it  occurs  in  a  band  of  somewhat  laminated  clay, 
which  I  have  traced  for  several  hundred  yards  along  the  cliffs, 
in  which  occur  other  fossiliferous  patches,  which  do  not  contain 
Xanihidiay  as  far  as  I  have  been  able  to  see,  although  I  have 
examined  several  samples.  The  Xanthidia  patch,  as  I  found  it, 
was  about  a  yard  long,  some  three  or  four  inches  thick,  and 
extended  about  eighteen  inches  or  possibly  farther,  into  the  cliff; 
but  near  that  point  the  clay  appeared  less  fossiliferous  to  the 
naked  eye,  and  was  probably  at  the  end  of  the  patch. 

I  wish  to  mention  that,  through  the  kindness  of  Prof,  Judd,  the 
work  in  connexion  with  this  paper  was  performed  in  the  geological 
laboratory  of  the  Koyal  College  of  Science,  South  Kensington. 

*  H.  H.  "VVTiite,  Traxu.  Micros.  Soc.  toI.  i.  p.  77,  on  Fossil  Xanthidia,  Feb.  1842. 
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L~£tUDS    MlOBOGRAPHTQITB   DU    TUFFBAU    A    CtPKIWA   PLAN  ATA   DU 
NOBD  DK  FbAMOB  KT  DB  LA  BCLOIQUE.     Du  ROLB  DE8  DlATOM^KB 

DAN8  iiA  FoBKATiOB  D«  OB  TuFFBAU  (NotioopTelimioaire).  Par 
X.  L.  Catbux,  Pr^paratear  de  Geologie  a  la  Faoalt6  des  Soienoes 
de  Ltlle.  Annales  de  la  Sooiete  g^ologique  da  Nord,  t  six. 
1891,  pp.  90-96. 

THE  Tuffeaa  desoribed  in  this  paper  la  a  rook  eonaisting  of 
glaaoonitio  sands  agglutinated  together  by  a  silioeous  bement, 
which  is  of  not  infrequent  occurrenoe  in  the  Sands  of  Landenian 
age  in  many  localities  in  the  North  of  France  and  in  Belgium.  The 
horizon  of  Cyprina  planata  appears  to  be  slightly  lower  than  that 
of  the  Thanet  Sands  of  this  country.  In  some  placesi  near  Lille 
for  example,  the  rook  is  remarkably  rich  in  zircon,  tourmaline  and 
ratile.  The  author  has  also  discovered  therein  abundant  remains 
of  Diatoms  and  sponge-spicules ;  the  former  principally  belong  to 
the  genera  Synedra,  Co8cinodiBeii8  and  Trieeratium^  whilst  the  latter 
ire  chiefly  of  Monactinellid  and  Tetractinellid  sponges.  Sometimes 
the  DintoioH  prevail  in  the  rock  ;  at  others  the  spicules.  The  silica 
forming  the  cement  of  the  rock  may  bo  either  in  the  condition  of 
opal  or  chulcedony,  and  thus  resembles  the  silica  of  the  organisms. 
The  anther  considers  that  this  cementing  silica  has,  in  part,  if  not 
altogether,  been  derived  from  the  remains  of  the  diatoms  and 
sponges.  In  a  subsequent  note  in  the  same  journal  (p.  134)  mention 
is  made  of  the  occurrence  of  Diatoms  in  the  upper  portion  of  the 
Ypresian  of  Flanders,  thus  on  the  horizon  of  the  London  Clay. 
From  the  character  of  the  minerals  in  the  Tuffeau  and  sands  of  the 
Lower  Eocene,  the  author  concludes  (p.  265)  that  they  have  been 
primarily  derived  from  the  crystalline-schist  series  of  rocks. 

G.  J.  H. 

II.— Palaeozoic  Fossils  from  Kotklny  Island,  New  Siberia.  By 
Baron  Eduard  von  Toll.  M^nioires  de  rAcademie  Imperiale 
des  Sciences  de  St.-Petersbourg,  vii^  serie,  vol.  xxxvii.  No.  3. 1889. 

THIS  is  the  first  portion  of  the  Scientific  Kesults  of  the  Expedition 
sent  out  in  1885-6  by  the  Koyal  Academy  of  Sciences  for  the 
Exploration  of  Jana-Land  and  the  New-Siberian  Islands.  Prefatory 
remarks  (pages  1-9)  give  an  account  of  the  Expedition,  its  aim, 
progresH,  members,  and  helpers.  A  description  of  the  fossiliforous 
Devonian  strata  of  the  Went  Coast  of  Kotelny  Island  (pages  10-13) 
precedes  tliat  of  the  fossils,  which  comi)rise  23  species  and  varieties 
of  Brachio|X)d8,  6  Corals,  and  2  Stromatoporoids.  Eight  forms  are 
peculiar  to  tliis  region,  and  a  table  at  p.  32  shows  the  distribu- 
tion of  tho  others  in  Siberia,  West  side  of  the  Ural,  Petchora-land, 
Rhine-land,  North  America,  or  Cliina,  in  the  upper  division  of  the 
Mid«llH- Devonian  formation. 

The  Silurian  fossils,  chiefly  from  the  gravel  of  the  Ssrednjaja  river, 
are  7  Bracbiopods,  4  Trilobites,  6  Ostracodes  {Leperditia)^  12  CovaU^ 
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1  distinct  {Lagena)  and  6  indistinct  sections  of  Foraminifera.  The 
distribution  of  these  species  in  the  Upper-Silurian  formations  of 
Siberia,  Estland  and  Oesel,  Scandinavia,  Britain,  China,  and  America 
is  shown  in  a  table  at  p.  55.  Straphomena  euglypha,  Phaeops  quadri- 
Uneatat  Favosites  Gotlandicay  F.  Forhtsi,  Alveolites  Labechei,  HelioUtei 
inierstinetus,  and  Halygites  catenularia  have  the  widest  range.  Five 
quarto  plates  of  numerous  figures  illustrate  this  interesting  memoir. 

T.  B.  J. 
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L — The  Fauna  of  the  Lower  Cambrian  or  Olenellus  Zone. 
By  Charles  Doolittle  Walcott,  F.G.S.,  of  the  Smithsonian 
Institution,  Washington,  D.C.,  U.S.A.  Extract  from  the  Tenth 
Annual  Report  of  the  Director  (1888-89).  Washington,  1890 
(issued  1891).  U.  S.  Geological  Survey.  4to.  pp.  511-774, 
Plates  xliii.-xcviii. 

THE  publications  of  the  Geological  Survey  of  the  United  States 
of  America  have  long  been  famous  for  their  illustrations  and 
their  typography  ;  for  the  vast  amount  of  economic  information  they 
contain  as  regards  the  stratigraphical  geology,  the  physical  features, 
the  agricultural  and  mineral  resources  contained  in  each  State.  Nor 
has  science  been  neglected,  for  there  are  but  few  volumes,  out  of  the 
long  and  splendid  series  already  issued,  which  have  not  contained 
most  valuable  contributions  to  the  palaeontology  of  some  group  of 
organisms,  or  the  fauna  of  some  series  of  rocks.  This  is  all  the 
more  honourable  to  the  present  Director,  Major  J.  W.  Powell, 
because  it  is  an  oj)en  secret  that,  like  Gallio,  **  lie  cares  for  none  of 
these  things,**  and  might,  if  ungenerously  disposed,  have  placed  great 
obstacles  in  the  way  of  the  progress  of  palaeontology.  We  have 
now  to  thank  him  for  enabling  Mr.  C.  D.  Walcott,  the  author  of  the 
memoir  before  us,  to  bring  out  in  a  suitable  manner,  one  of  the 
finest  pieces  of  work  which  has  issued  from  the  Government 
Printing  Office,  Washington,  already  famous  for  its  productions,  so 
generously  distributed  by  the  United  States  Government  to  men  of 
science  all  over  the  world. 

The  author,  with  the  modesty  of  true  merit,  prefaces  his  work 
(pp.  516-524)  with  the  names  of  some  forty  authors  and  over  one 
hundred  papers  bearing  upon  Cambrian  geology  and  palsaontology. 
Mr.  Walcott  thus  defines  the  title  of  his  work  : — 

*'  A  living  fauna,  as  known  to  the  zoologist,  is  the  assemblage  of 
animals  embraced  within  a  given  geographic  province  or  area,  and 
includes  all  animal  life  associated  on  account  of  climate  or  physical 
boundaries.  Some  of  the  species  may  range  from  province  to 
province  and  form  a  part  of  several  faunas,  while  others  are  limited 
to  a  particular  portion  of  some  faunal  area. 

"In  the  study  of  the  extinct  faunas,  buried  in  the  rocks,  the  same 
general  principles  of  classification  prevail,  with  the  added  restriction 
of  vertical  or  time  range  as  defined  by  the  progressive  zoologic 
phanges  in  the  faunas. 
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"There  is  not  a  raffioient  assemblage  of  apeoiea  fonnd  in  the 
dideit  roclu  in  whioh  animal  life  has  been  detected  to  constitute  a 
fiuma  tbat  can  be  oharacterized  either  as  distinct  from  the  succeeding 
finini  or  as  belonging  to  that  fauna.  At  present  the  first  recognized 
Cuma  oeoara  in  the  lowest  division  of  the  Cambrian  group.  In 
nearly  all  tbe  looalitiee  where  this  lowest  zone  is  recognized  a 
peculiar  genus  of  Trilobites,  Olendlus,  is  found ;  and  thus  the  name 
'Olenellus  fauna'  and  'Olenellus  zone,'  have  come  into  general  use. 
By  tbe  palseozoologist  the  fauna  is  called  the  Olenellus  or  Lower 
Ctmbrian  Fauna.  To  the  geologist  the  series  of  rooks  in  which 
the  Olenellus  fauna  occurs  is  known  as  the  lower  division  of  the 
Cambrian  group  or  '  Olenellus  zone ' "  (p.  615). 

In  addition  to  a  most  valuable  list,  already  referred  to,  of  all  the 
more  important  books  and  papers  relating  to  the  subject,  the  author 
gives  a  historical  review  of  tbe  work  done  on  the  rooks  and  fossils 
included  in  the  Olenellus  zone,  and  the  general  results  of  the  study 
of  the  fauna  by  the  geologist  and  paleeontologist,  or  its  physical 
biological  history  and  character  as  far  as  is  known. 

The  geologist  considers  it  as  found  in  certain  rooks  at  a  distinct 
geologic  horizon  and  studies  its  geologic  relations.  The  palaeo- 
loologist  treats  of  it  in  its  relations  to  the  animal  world,  past  and 
present 

Mr.  Walcott  first  traces  back  the  history  of  the  Lower  Cambrian 
strata  in  America  to  1818,  when  Prof.  Amos  Eaton  first  gave  them 
a  definite  position  in  the  series  of  stratified  rocks.  Passing  in 
review  the  records  of  each  writer,  he  shows  the  gradual  develop- 
ment of  the  history  of  this  series  of  rocks  and  gives  the  ancient 
and  modem  nomenclature  by  which  it  has  been  distinguished,  and 
tbe  areas  over  which  it  has  been  observed. 

Mr.  Walcott  shows  that  the  Lower  Cambrian,  or  Olenellus  fauna, 
lived  along  the  shores  of  the  pre-Cambrian  continent  which  from 
east  to  west  was  almost  co-extensive  with  that  of  the  N.  American 
continent  of  to-day.  That  it  has  been  observed  in  the  north-west 
at  Mount  Stephen,  British  Columbia;  at  Eureka  district,  British 
Nevada ;  in  Northern  Arizona,  in  the  Grand  Caiion  of  the  Colorado ; 
on  the  western  slope  of  the  WaHatch  Mountain ;  on  the  Gallatin 
River,  Montana;  on  the  Black  Hills  of  Dakota;  in  Wisconsin  and 
Minnesota ;  on  the  Ozark  Mountains,  Southern  Missouri ;  and  even 
as  far  south  as  Liana  County,  Texas ;  in  Eastern  Tennessee ;  Eastern 
and  Northern  Adirondack  Mountains  of  New  York ;  and  Green 
Mountains  ;  North  Attleborough  and  Braintree ;  at  St.  John's,  New 
Brunswick,  far  northwards ;  at  I'Anse  au  Loup,  N.  side  of  Straits 
of  Belle  Isle,  Labrador;  and  lastly  in  the  extreme  N.E.  at  Conception 
Bay,  Avalon  Peninsula,  Newfoundland. 

All  this  is  graphically  illustrated  by  a  map  (pi.  xliv.),  and  by 
very  numerous  sections  and  plates  (pi.  xlv.-xlvii.). 

Plate  xlviii.  shows  in  the  same  graphic  method  the  extension 
eastwards  into  Europe  of  probably  the  same  series  of  unconformable 
pre-Cambrian  rocks  on  which  the  Cambrian  series  rent.  These  are 
shown  in  Spain,  in  Wales  (North  and  South) ;  and  we  rcia.^  tvon? 
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add  the  North- West  Highlands;  in  Norway  and  Sweden;  in  Finland; 
in  Bohemia  and  Bavaria ;  in  Sardinia ;  in  Podolia ;  in  Petohora  land 
and  the  Ural  Mountains.  Perhaps  the  most  astonishing  part  of  this 
new  page  of  earlj  geological  history,  to  the  deciphering  of  which 
Mr.  Walcott  has  brought  such  skill  and  ability,  is  that  which  relates 
to  the  fauna,  the  mere  names  of  which,  in  column,  fill  four  pages. 
Here  is  the  summary,  written  in  a  very  compact  manner  by  the 
author  (p.  576). 

RESUME  OF  THE  FAUNA  OF  THE  OLENELLUS  ZONE  IN  AMERICA. 


Classes,  btc. 

Numbers. 

Genera. 

Species. 

Varieties. 

Spongia       ...     

HydroKoa    

Actinozoa    

Echinodennata 

(Trails,  Burrows,  and  Tracks) 

Brachiopoda       

LamelliDranchiata      

Gasteropoda        

Pteropoda 

Crustacea    

Trilobita     

4 
2 
5 
1 
4 

10 
3 
6 
4 
5 

15 

4 
2 
9 
1 
6 

29 
3 

13 

15 
8 

51 

1 

0 
0 
0 
0 
0 
2 
0 
6 
2 
0 
2 

XUmIX      •••        ••«         •••        ••■         •••         «•• 

69 

141 

11 

Uniting  all  the  fossils  of  this  zone  found  by  our  English 
geologists,  Drs.  Hicks,  Lapworth,  etc.,  in  Wales  and  Shropshire; 
by  Dr.  Schmidt  in  Eussia ;  by  Profs.  Kjerulf,  Linnarsson,  Torell, 
Brogger,  Holm,  Nathorst,  and  others  in  Sweden  and  Norway,  and 
those  from  the  other  European  localities,  the  numbers  are  extremely 
small,  at  present,  when  compared  with  those  recorded  on  the 
American  Contiuent;  nevertheless  the  facies  is  one  that  dearly 
admits  of  perfect  correlation. 

Mr.  Walcott  is  also  able  satisfactorily  to  show  now  that  the 
OlenelluB  fauna  preceded  the  Paradaxides  fauna.  "  The  cause  of  the 
abrupt  change  from  the  Olenellus  to  the  Paradaxides  faunas  is  not 
yet  fully  recognized.  While  a  considerable  portion  of  the  genera 
pass  up,  very  few  of  the  species  are  known  to  do  so,  and  in  none  of 
the  sections  has  there  been  found  a  commingling  of  the  characteristic 
species  of  the  Lower  and  Middle  faunas"  (p.  594). 

'*  If  we  attempt  to  classify  the  Olenellus  fauna  by  its  genesis,  an 
almost  impenetrable  wall  confronts  us.  That  the  life  in  the  pre- 
Olenellus  seas  was  large  and  varied  there  can  be  little,  if  any,  doubt. 
The  few  traces  known  of  it  prove  little  of  its  character,  but  they 
prove  that  life  existed  in  a  period  far  preceding  Lower  Cambrian 
time,  and  they  foster  the  hope  that  it  is  only  a  question  of  search 
and  favourable  conditions  to  discover  it  Ah  far  as  known  to  me, 
the  most  promising  area  in  which  to  search  for  the  pre-OleneUus 
Jkuna  is  on  the  western  aide  of  the  Bocky  Mountains  in  the  United 
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States,  and  on  the  eastern  slopes  in  British  Columbia.  There  the 
great  thickness  of  conformable  pre-Olenellus  zone  strata  presents  a 
most  tempting  field  for  the  student-collector  "  (p.  595). 

As  the  author  remarks,  a  considerable  number  of  the  genera  and 
species  included  in  this  Monograph  have  already  been  described 
St  length  and  figured  in  Bulletin  No.  80  of  the  U.  S.  Geological 
Surrey  (1886).  Beginning  with  the  sponges,  which  are  by  no 
means  nnmerous,  we  find  Salter's  genus  ProtospoHgia  represented  by 
detached  spicules  of  the  usual  type,  and  portions  of  the  anchoring 
rope  of  another  hexactinellid  sponge,  similar  to  those  usually  referred 
to  Hyalosidia,  Ztttel,  have  been  placed  by  the  author  in  a  distinct 
genus,  LeptomituB,  It  may  be  remarked  that  since  the  discovery, 
by  Sir  J.  W.  Dawson,  that  certain  species  of  Protospongia  possessed 
anchoring  spicules,  it  is  not  improbable  that  forms  like  this  Lepto- 
wtttus  may  be  found  to  belong  to  the  former  genus.  The  above 
are  the  only  definite  sponges  known  from  the  Lower  Cambrian,  for 
the  specimens  of  Oirvanella,  even  if  they  really  belong  to  this  genus, 
have  no  claim  to  be  considered  as  sponges,  and  they  are  now  believed 
to  be  calcareous  algae.  The  position  of  another  new  form,  Traehyum 
vetwtum,  appears  to  be  very  uncertain,  the  description  leads  one 
rather  to  consider  it  a  member  of  the  next  group  of  the  Arohaaocya- 
thinse.  This  group  is  very  fully  represented  in  the  Lower  Cam- 
brian of  Nevada,  New  York  and  Labrador,  and  very  good  figures 
are  given  to  illustrate  the  structure  of  the  different  genera.  The 
author  follows  Hinde  in  placing  these  peculiar  forms  in  the  Actinozoa. 
Yery  considerable  interest  attaches  to  them,  since  they  appear  to  be 
characteristic  of  the  Lower  Cambrian,  not  only  in  America,  but 
in  Spain  and  Sardinia,  and,  as  lately  shown  by  li,  Etheridge,  jun.,  in 
South  Australia  as  well. 

Of  the  fine  series  of  plates  which  illustrate  the  fauna  of  the 
OleneVus  or  Lower  Cambrian  Zone,  plate  xlix.  is  devoted  to  Lepto- 
mitus  ZiUelti  and  Protospongia  sp. ?  two  forms  of  Sponges;  plates 
l.-lv.  to  a  series  of  figures  of  different  forms  of  the  ArobaeocyathinaB, 
in  some  of  which  structure  and  ornament  are  preserved.  Plates 
Ivi.-lix.  to  forms  referred  to  the  Hydrozoa.  Plates  Ix.-lxvi.  to 
Echinodermata,  Annelida,  and  Crustacea,  being  tracks,  trails,  and 
Annelide-  and  Crustacean-burrows  of  all  kinds.  Plates  Ixvii.-lxxii. 
are  devoted  to  a  series  of  Brachiopods  ^Lingulellaf  Acrotretaf  LinnarS' 
gonia,  Kutorgtna,  IphideOy  Acrothele,  Mickwitzia,  Obolella,  Camarella, 
Orthts,  and  Orthisina,  mostly  well-preserved  and  well-defined  species. 
Then  follow  plates  Ixxiii.-lxxiv.,  devoted  to  Lamellibrancbs  and 
Ganteropods,  in  which  Patella-shaped  forms  predominate.  Plates 
Ixxv.-lxxix.  are  devoted  to  Pteropods  (under  which  are  included 
Salierella,  Hijoliihes,  Helenia,  Coleoloides,  Volborthellay  and  Platy- 
ioUmtes.  The  remaining  plates,  pis.  Ixxx.-xcviii.,  are  devoted  to 
the  Crustacea,  and  principally  to  the  Trilobites.  A  few  Ostracods 
and  Leperditia,  with  Agnosinn  and  Microdiscns,  occupy  plates  Ixxx. 
and  Ixxxi.,  followed  in  the  remaining  plates  by  a  grand  series  of 
Olenelli  which  would  have  rejoiced  the  heart  of  J.  W.  Salter,  could 
be  but  have  lived  to  see  and  j^ioat  over  them.    Trilobites — ^man^  QiC 
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them  at  least — with  the  third  thoracic  segment  drawn  out  into  a  long 
pleural  spine  on  either  side,  giving  them  a  most  weird  appearance 
(theHC  are  occasionally  curled  round,  as  in  OlentUus  Gilberii).  In 
Mesonaeis  Vermontanay  the  ahdomen  is  elongated  into  12  or  13 
segments,  with  a  powerful  median  dorsal  spine  rising  from  the 
proximal  segment,  and  reaching  to  the  end  of  the  body  ;  in 
M.  asaphoides  there  are  five  of  these  spines;  in  Holmia  Brdggeri 
spines  are  present  down  the  centre;  the  nuchal  median  spine  being 
equal  in  length  to  nearly  seven  of  the  body  segments. 

This  form  is  no  doubt  most  nearly  related  to  Professor  Lapworth's 
Olenellus  Callavei,  but  there  are  well-marked  differences  between  them, 
when  carefully  compared,  both  in  the  head-shield,  body- segments, 
and  spines.  Olenellus  (Mesonacis)  Mickwitzii  and  O.  (Holmia) 
Kjeruifi,  the  former  a  Russian  form  and  the  latter  from  Sweden, 
suggest  new  departures  in  spines  and  tubercles  and  a  facies  diverging 
towards  Paradoxides  of  the  Middle  Cambrian,  but  with  marked 
differences.  The  spine,  on  the  axis  of  the  Russian  form,  reminds 
one  of  the  genus  Cyphaspis. 

There  is  a  common  family-likeness  in  all  these  Olenelliy  but  they 
run  through  a  great  variety  of  form,  amounting  in  some  probably  to 
generic  value,  as  pointed  out  by  Mr.  Walcott  This  is  strikingly 
the  case  if  we  compare  his  Olenellus  Thompsoni  with  Olenellus 
(Holmia)  Kjerulfi,  and  Olenellus  Gilherti  with  Olenellus  (Mesonacis) 
Vermoniana  and  0.  (Mesonacis)  Mickwitzii. 

Sixty-one  pages  are  occupied  (pp.  697-658)  with  carefully  pre- 
pared Notes  on  the  genera  and  species  of  the  fauna  of  the  Olenellus 
Zone,  and  the  work  concludes  with  what  all  works  should  possess, 
namely,  a  good  index. 

We  heartily  congratulate  the  author  upon  having  had  the  honour 
to  bring  together  so  admirable  a  Monograph  upon  a  new  or  but 
little  understood  formation,  which  has  apparently  so  remarkable  a 
geographical  range,  and  possesses  such  a  well-marked  fauna  where- 
ever  it  has  been  observed.  Such  discoveries  in  the  geology  and 
palssontology  of  the  oldest  Palseozoic  rocks  may  well  serve  as  an 
incentive  to  future  workers,  and  clearly  show  that  much  yet 
remains  to  be  done  in  order  to  complete  our  knowledge  of  the 
fauna  of  these  ancient  seas. 


II. — A    MONOGBAPH    OF    THB    CARBONIFEROUS    AND    PkRMO-CaRBON- 

iFEBOUS  Invkbtebrata  OF  New  South  Walbs.  Part  I. 
CcELENTEBATA.  By  R.  Ethbbtdoe,  jun.,  Palaeontologist  and 
Librarian  to  the  Geological  Survey  of  New  South  Wales,  etc. 
Memoirs  of  the  Geological  Survey  of  New  South  Wales. 
By  C.  S.  Wilkinson,  F.G.S.,  etc.,  Geological  Surveyor-in-Charge. 
4to.  pp.  ix.  64.     Pis.  I.--XI.     (Sydney,  1891.) 

THE  Geological  Survey  of  New  South  Wales,  with  the  view  of 
extending  a  knowledge  of  the  coal-bearing  formations  in  that 
colony,  has  determined  to  publish  fresh  descriptions  of  the  inverte- 
brate fossils  in   these  rocks,  which   have   been   collected   by  the 
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Surrey,  and  are  now  in  the  Mining  and  Geologioal  Mnseam  at 
Sjdney,  and  the  present  work  relating  to  the  fosail  Corals,  by  Mr. 
B^  Etheridge,  jun.,  PalsBontologist  to  the  Survey,  is  intended  as 
a  first  instalment. 

The  snbdiviaions  of  the  Carboniferoos  rocks  of  New  South  Wales 
ire  at  present  under  revision ;  aooording  to  the  arrangement  pro- 
TisioDally  adopted,  the  strata  below  the  Farley  Groop  of  the  Lower 
Marine  Series  are  considered  as  Carboniferous  simply,  whilst  this 
Lower  Series  and  the  Upper  Marine  Series,  which  are  intercalated 
with  the  productive  Coal-measures,  are  regarded  as  Permo-Carbon- 
iferoQS.  In  these  rocks  corals  are,  as  a  rule,  scarce  and  poorly 
pmerved,  with  the  exception  of  species  of  ZaphreniiB  and  the 
Honticuliporoid  genus  Sienopora,  Of  the  former  genus  seven  species 
are  described,  three  of  which,  Z.  Cullem,  Z.  phymaiodea,  and  Z.  ? 
nmpAMns,  are  new  forms.  Some  of  these  exhibit  a  remarkable 
infilling  of  the  calyx  and  thickening  of  the  septa  with  sclerenchy ma ; 
fettares  which  are  very  prominent  in  Plerophyllum,  Hinde,  but  hs 
they  do  not  show  the  4  or  5  characteristic  large  septa  of  this  latter 
genus,  it  may  be  doubted  whether  they  can  rightly  be  indudefl  in 
it  Other  species  described  are  Lophophyllum  cornictdum,  de  Eon., 
Campophyllum  eolumnare,  sp.  nov.,  Cyathophyllum  (?)  zaphrentoides, 
8p.  nov.,  C.  retiforme,  sp.  nov.,  and  Aulophyllum  Davidis,  sp.  nov. 
or  perforate  corals  a  now  species  of  Trachypora,  T,  Wilkinaoni,  is 
described,  which,  in  many  of  its  characters,  resembles  Striatopora ; 
also  Michelinia  sp.,  allied  to  M,  tenuisepta,  Phillips,  and  Cladochonus 
tenuicollis,  MCoy. 

A  very  full  and  elaborate  description  of  the  minute  structural 
characters  of  the  genus  Stenapora  is  given,  and  the  three  species 
described  by  Lonsdale,  S.  crinita,  S,  ovata,  and  S.  TasmaniensiSy 
are  recognized,  although  the  author  is  inclined  to  believe  that 
they  do  not  represent  separate  and  distinct  species,  but  merely 
different  conditions,  which  seem  permanent  in  certain  circumscribed 
areas. 

The  investigations  which  have  lately  been  made  into  the  minute 
Btnictiire  of  Stenopora,  and  other  Monticuliporoids,  clearly  show 
that  these  fossils  possess  a  similar  minute  structure  of  their  walls 
to  forms  which  are  generally  recognized  as  Polyzoa,  and  if  any 
value  is  to  be  attached  to  this  similarity  in  microscopic  detail,  there 
\»  no  doubt  that  Stenoporay  in  common  with  the  other  genera  of  this 
group,  will  no  longer  be  able  to  rank  as  corals.  Mr.  Etheridge 
does  not  enter  into  this  question,  but  follows  the  views  of  Nicholson, 
and  of  Waagen  and  Wentzel,  that  they  are  really  allied  to  corals. 
In  its  massive  mode  of  growth,  a  form  like  Sienopora  erinita,  which 
sometimes  reaches  six  inches  in  diameter,  certainly  approaches  in 
ap{)earance  more  nearly  to  corals  than  to  polyzoa ;  but  on  closer 
consideration  this  massive  structure  is  seen  to  be  built  up  of  a  series 
of  layers  which,  in  certain  states  of  preservation,  as  remarked  by 
Mr.  Etheridge,  peel  off,  one  after  another,  leaving  an  entirely  new 
surface  after  each  operation.  In  the  mass,  S.  crinita  has  a  wonderful 
resemblance  to  the  large  Chatetes  radians  from  the  GaibonU^ioxx^ 
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Limestone  of  Eussiap  but  mioroscopic  sections  of  the  two  forms  at 
once  show  that  the  structure  of  this  latter  is  that  of  a  coral, 
whilst  the  former  is  altogether  distinct,  and,  as  already  mentioned, 
resembles  that  of  generally  recognized  Palaeozoic  Polyzoa. 

Without  reckoning  Stenopora  with  its  three  species,  there  are 
only  nine  genera  and  seventeen  species  of  corals  known  in  the 
Carboniferous  rocks  of  New  South  Wales,  a  small  number  when 
compared  with  those  of  the  corresponding  formations  in  Europe,  or 
with  those  of  the  Siluro-Devonian  period  of  Australia. 

Mr.  Etheridge's  descriptions  are  amply  illustrated  in  the  eleven 
plates  accompanying  this  report,  which  at  once  sustains  the  reputa- 
tion of  the  author,  and  bears  witness  to  the  enlightened  encourage- 
ment of  palsBontological  science  by  the  Government  of  the  Colony. 

III. — On  thk  Probable  Natubb  and  Distribution  of  the  Palsozoio 
Strata  beneath  the  Sboondart,  etc.,  Books  of  the  Southern 
Counties  ;  with  Special  Keferenoe  to  the  Prospect  of 
OBTAINING  Coal  bt  boring  South  of  the  Mendips.  By  W.  A. 
E.  Ussher,  F.G.S.  [Proc.  Somerset  Arch,  and  Nat  Hist.  Soa 
vol.  xxxvi.  1891.] 

THE  probable  occurrence  of  productive  Coal-measures  on  the 
southern  side  of  the  Mendip  Hills  has  been  discussed  since 
1826,  when  Buckland  and  Conybeare  first  wrote  on  the  geology  of 
that  region  (see  Geol.  Mag.  1871,  p.  500) ;  but  no  one  at  present 
has  put  down  any  boring  sufficiently  deep  to  prove  the  nature  of  the 
Palaeozoic  floor  over  the  area  where  these  buried  Coal-measures  are 
likely  to  occur.  The  subject  is  treated  from  a  broad  point  of  view 
by  Mr.  Ussher  in  the  paper  under  consideration.  Keferring  to  the 
Culm-measures  of  Devonshire,  he  points  out  that  there  is  no  reason 
to  believe  that  the  easterly  development  of  this  comparatively  un- 
productive series,  would  afifect  the  question  of  true  Coal-measures 
being  reached  in  the  area  south  of  the  Mendips.  The  Culm-measures 
include  representatives  of  the  Carboniferous  Limestone,  Millstone 
Grit,  and  possibly  [we  would  say  probably]  the  lower  part  of  the 
Coal-measures ;  but  eastwards  near  Burlescombe  and  at  Cannington 
Park  the  Limestone  becomes  more  prominently  developed,  and  it 
therefore  is  likely  that  further  east  and  north-east  the  Carboniferous 
beds  generally  would  approximate  more  and  more  closely  to  the 
characters  they  have  in  the  Mendip  area  and  in  the  Somersetshire 
Coal-field. 

From  a  general  consideration  of  all  the  facts,  and  especially  with 
reference  to  observed  dislocations  in  the  older  rocks  of  West 
Somerset,  Mr.  Ussher  concludes  that  the  most  probable  location 
of  an  underground  Coal-basin  in  the  area  south  of  the  Mendips, 
would  be  enclosed  by  an  irregular  line  drawn  from  the  coast  near 
Otterhampton,  through  Pawlet  and  Meare,  to  Polsham ;  from 
Polsham  to  Wedmore,  and  thence  by  Badgeworth  and  Lympsham 
to  the  coast  at  Brean.  Within  this  line  the  best  sites  for  trial 
borings  would  be  in  the  vicinity  of  Highbridge,  Bumham,  and 
Borrow;  At  East  or  South  Brent,  Chapel  Allerton,  Wedmore,  Meare, 
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and  Hark.  The  depth  of  strata  likely  to  oover  the  Palasozoio  floor 
It  these  places  might  be  expected  to  vary  from  four  or  five  hundred 
to  a  tbonaand  feet,  but  it  is  improbable  that  it  would  anywhere 
exceed  a  tbonaand  feet 

la  oonneotion  with  the  disturbanoes  to  which  the  Mendip  area  has 
been  snbjeoted,  Mr.  Ussher  introdaoes  a  diagram  to  explain  by 
means  of  a  thmst-plane  the  oooarrenoe  of  the  little  masses  of 
GaiboniferooB  Limestone  that  overlie  the  Coal-measares  at  Yobster 
on  the  northern  side  of  the  Mendip  anticline.  H.  B.  W. 
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L-Nov.  11.  1891.— Sir  Archibald  Qeikie,  D.Sc,  LL.D.,  F.R.a, 
Pieiudent,  in  the  Chair. — ^The  following  communications  were  read : 

1.  «  On  Daerytherium  ovinum  from  the  Isle  of  Wight  and  Queroy." 
By  B.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  author  described  a  cranium  and  mandible  of  Daerytherium 
Cay!uxi  from  the  Quercy  Phosphorites,  which  proved  the  identity  of 
this  form  with  the  Dichohune  ovina  of  Owen  from  the  Oligocene 
of  the  Isle  of  Wight.  The  species  should  thus  be  known  as  Dacry- 
therintn  ovinum.  It  was  shown  that  the  mandible  referred  by  Filhol 
to  D,  Caylnxi  belongs  to  another  animal. 

2.  *'  Supplementary  Kemarks  on  Olen  Roy."  By  T.  F.  Jamieson, 
Esq.,  F.G.S. 

I1ie  author  discusses  the  conditions  that  preceded  the  formation 
of  the  Glen  Roy  Lake,  and  appeals  to  a  rain-map  of  Scotland  in 
support  of  his  contention  that  the  main  snowfall  in  Glacial  times 
Would  be  on  the  western  mountains.  He  gives  reasons  for  supposing 
that,  previously  to  the  formation  of  the  lake,  the  valleys  of  the 
Lochaber  lakes  were  occupied  by  ice,  and  that  the  period  of  the 
formation  of  the  lakes  was  that  of  the  decay  of  the  last  Ice-sheet 

He  supports  the  correctness  of  the  mapping  of  the  terraces  by  the 
oiBcers  of  the  Ordnance  Survey,  and  shows  how  the  absence  of  the 
two  upper  terraces  in  Glen  Spean  and  of  the  highest  terrace  in  Glen 
Gliister  simplifies  the  explanation  of  the  formation  of  the  lakes  by 
ice-barriers. 

The  alluvium  of  Bohuntine  is  considered  to  be  the  gravel  and  mnd 
that  fell  into  the  lake  from  the  front  of  the  ice  when  it  stood  at  the 
mouth  of  Glen  Roy  during  the  formation  of  the  two  upper  lines. 

During  the  last  stage  of  the  lake,  the  ice  in  the  valley  of  the  Cale- 
donian canal  is  believed  to  have  constituted  the  main  barrier,  whilst 
the  Corry  N'Eoin  glacier  played  only  a  subordinate  part. 

The  author  suggests  the  possibility  of  a  debdcle  during  the  drop 
of  water  from  the  level  of  the  highest  to  that  of  the  middle  terrace  ; 
and  in  support  of  this  calls  attention  to  the  breaking  down  of  the 
moraines  of  the  Treig  glacier  at  the  mouth  of  the  liough  Bum.  He 
believes  that  when  the  water  dropped  to  the  level  of  the  lowest 
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terrace,  it  drained  away  qnietly,  at  any  rate  until  it  receded  from 
Upper  Qlen  Roy. 

In  discussing  Nicors  objections,  he  maintains  that  notches  woold 
not  be  cut  at  the  level  of  the  coU,  and  observes  that  the  discrepancy 
between  the  heights  of  the  terraces  and  those  of  the  cols  has  probably 
been  increased  by  the  growth  of  peat  over  most  of  the  ground  about 
the  watersheds. 

The  horizontality  of  the  terraces  is  stated  to  be  a  fact,  and  cases 
are  given  where  waterworn  pebbles  are  found  in  connexion  with  the 
'*  roads,'*  these  being  especially  noticeable  in  places  where  the  south- 
west winds  would  fully  exert  their  influence,  and  the  structure  of 
the  terraces  is  considered  to  be  such  as  would  be  produced  at  the 
margins  of  ice-dammed  lakes.  Further  information  is  supplied  con- 
cerning the  distribution  of  the  boulders  of  Glen  Spean  syenite.  These 
are  found  on  the  north  side  of  the  Spean  Valley  at  the  height  of  2000 
feet  above  the  sea  and  1400  feet  above  the  river,  and  fragments  of 
the  syenite  have  been  carried  towards  the  north-east,  north,  and 
north-west. 

In  an  Appendix,  the  author  discusses  Prof.  Prestwich's  remarks 
on  the  deltas,  and  his  theory  of  the  formation  of  the  terraces. 


II.— Nov.  25,  1891.— Sir  Archibald  Geikie,  D.Sc.,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read : 

1.  "On  the  Os  pubis  of  Polacanthu$  Foxi"  By  Professor  H.  G. 
Seeley,  F.R.S.,  F.G.S. 

Hitherto  the  evidence  of  the  systematic  position  of  Polaeanthtu 
has  not  been  very  precise.  The  author  has  detected  the  missing 
pubis  as  an  isolated  specimen.  This  he  regards  as  the  anterior 
portion  of  the  left  pubis,  and  appends  a  full  description  of  the  bone. 
He  furthermore  gives  a  critical  account  of  our  knowledge  of  other 
pelvic  bones  of  the  genus,  and  is  led  to  associate  Agaihaumu$,  Ora* 
keomus,  OmosauruB,  and  Palacnnthus  in  near  alliance,  in  the  Scelido« 
saurian  division  of  the  Order  Omithtschia. 

2.  "A  Comparison  of  the  Red  Rocks  of  the  South  Devon  Coast 
with  those  of  the  Midland  and  Western  Counties."  By  Professor 
Edward  Hull,  LL.D.,  F.RS.,  F.G.S. 

The  author  believes,  with  Dr.  Irving,  that  the  Red  Rocks  of 
Devonshire  are  representatives  of  the  Permian  and  Trias,  which 
occupy  so  large  a  portion  of  the  district  bordering  Wales  and  Salop, 
and  which  extend  into  the  Midland  Counties,  and  comments  on  the 
remarkable  resemblance  between  the  representative  beds  on  either 
side  of  the  dividing  ridge  of  Palasozoic  rocks  which  underlies  East 
Anglia  and  emerges  beneath  the  Jurassic  strata  in  Somersetshire. 

He  believes  that  the  breccia  forming  the  base  of  the  series  in  the 
Torquay  district  is  a  representative  of  the  Lower  Permian  division, 
but  differs  from  Dr.  Irving,  in  assigning  the  red  sandstones  and 
marls  of  Exmouth  to  the  Trias,  and  not  to  the  Permian,  as  that  author 
has  done.  He  compares  them  with  the  Lower  Red  and  Mottled 
Sandstones,  and  regards  the  Marls  as  of  local  origin,  thus  causing 
the  beds  to  diverge  from  the  normal  type. 
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The  Bndleigb  Salterton  Pebble-beds,  witb  OYerlying  sandstones 
and  pebbly  beds,  he  assigns  to  the  horizon  of  the  Pebble-beds  of  the 
Midland  area,  and  points  out  that  fossils  of  Silurian  and  Devonian 
types  oGcar  in  the  pebbles  of  both  areas. 

The  Upper  Division  of  the  Banter  is  well  shown  at  Sid  month,  and 
the  author  takes  a  calcareous  breccia,  two  feet  thick,  which  is  found 
in  the  cliffs,  as  the  basement  bed  of  the  Eeuper  division. 

3.  *•  Supplementary  Note  to  the  Paper  on  the  *  Red  Rocks  of  the 
Devon  Coast-section,'  Q.J.G.S.  1888."  By  the  Rev.  A.  Irving, 
D.Sc.,  B.A.,  F.G.S. 

In  this  note  the  author  accepts  Prof.  Hull's  determination  (see 
above)  of  the  breccia  at  Sid  mouth  as  the  base  of  the  Eeuper,  and 
discusses  the  age  of  the  sandstones  containing  vertebrate  remains 
discovered  by  Messrs.  Whitaker,  Metcalfe,  and  Johnston- La  vis.  He 
brings  forward  evidence  in  support  of  his  view  that  these  are  really  of 
Upper  Bunter  age,  notwithstanding  the  character  of  the  organisms. 

He  adds  new  material  in  support  of  his  contention  that  the  sand- 
stones and  marls  which  Prof.  Hull  assigns  to  the  Lower  Bunter 
are  really  Permian ;  but  he  is  inclined  to  think  that  the  breccias 
(in  ]>art,  at  least)  pass  laterally  into  the  sandstones,  and  do  not 
underlie  them. 

From  this  it  follows  that  the  break  between  the  Permian  and 
Trias  of  Devon  is  marked  by  the  absence  of  the  Lower  Bunter  of 
the  Midlands,  and  the  author  quotes  remarks  of  Mr.  Ussber  in  sup- 
port of  his  view  that  there  is  an  uncouforiuity  at  the  base  of  the 
Pebble  bed. 

In  conclusion  the  author  refers  to  the  difficulties  of  ascertaining 
the  exact  age  of  the  breccias,  and  notes  that  we  cannot  prove  that 
the  highest  Carboniferous  beds  are  present  in  Devonshire.  He 
observes  that  there  is  no  valid  reason  why  the  great  breccia-sand- 
stone series  of  Devon  should  not  be  the  true  equivalent  of  the  Lower 
Rothliegendes  both  in  time  and  position  in  the  sequence,  and  that 
some  portions  of  them  may  be  even  older  than  the  Rothliegendes  of 
some  districts.  He  discusses  the  evidence  furnished  by  the  igneous 
rocks,  and  points  out  the  abnormal  position  both  for  the  British  and 
German  areas  which  these  would  occupy,  if  the  breccias  were  of 
Triasalc  age. 

IIL— December  9,  1891.— Sir  Archibald  Geikie,  D.Sc,  LL.D., 
F.R.S.,  President,  in  the  Chair. — The  following  communications 
were  read : — 

1.  *'  On  the  Rocks  mapped  as  Cambrian  in  Caernarvonshire." 
By  the  Rev.  J.  F.  Blake,  M.A.,  F.G.S. 

In  this  paper  the  following  is  given  as  a  definite  succession  in  the 
Cambrian  series : — 1.  Pale  Slates ;  2.  Upper  Purple  Slates ;  3.  St*. 
Ann's  Grit ;  4.  Lower  Purple  Slates ;  6.  Rhiw-wn  Grit ;  6.  Hard 
banded  Pale  Slates  and  Halleflintas ;  7.  Bangor  Conglomerate ; 
8.  Hard  banded  Pale  Slates  and  Halleflintas;  9.  Bangor  Breccia; 
10.  Blue  blanded  laminated  Grits;  11.  Tairffynnon  Conglomerate; 
12.  Blue  banded  laminated  Qnts;  V6,  Brithdir  quaTtz-1ittV&\\;e  Q(I\\k 
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The  general  Bnocession  is  argued  to  be  the  same  in  the  isolated 
portion  east  and  south  of  Bangor  as  in  the  main  mass.  The  existence 
or  otherwise  of  a  base  on  the  mainland  is  considered  to  depend  on 
the  age  assigned  to  the  Dinorwic  felsite,  and  the  presence  of  the 
summit-beds  to  depend  on  whether  the  Bronllwyd  Grit  (stated  to 
belong  to  the  overlying  group)  rests  conformably  or  unconformably 
on  the  Cambrian  rocks. 

It  is  argued  that  the  rocks  to  the  west  of  the  Llyn  Padam  felsite 
belong  to  the  lower  part  of  the  series  and  those  to  the  east  to  the 
upper,  and  that  the  felsite  is  a  volcanic  complex  belonging  to  the 
middle  of  the  Cambrian  period. 

A  post-Cambrian  age  is  assigned  to  the  conglomerates  of  Moel 
Try  fan  and  Llyn  Padarn,  thus  causing  the  break  at  the  base  of  the 
Silurian  system  to  assume  an  increased  importance. 

2.  "  The  Subterranean  Denudation  of  the  Glacial  Drift,  a  probable 
Cause  of  submerged  Peat  and  Forest-beds.''  By  W.  Shone,  Esq., 
F.G.S. 

A  description  is  given  of  a  section  at  Tipton,  Cheshire,  where 
Boulder-clay  rests  upon  the  "  mid-glacial  sands."  The  Boulder- 
clay  sinks  to  a  lower  level  in  the  small  valleys  which  are  cut  through 
into  the  sands ;  and  the  author  supposes  that  this  is  due  to  the 
subterranean  denudation  of  the  sands,  which  would  be  greatest  near 
the  valleys,  and  become  less  at  a  distance  from  them.  He  considers 
such  denudation  is  capable  of  producing  submerged  peat  and  forest- 
beds,  and  accounts  for  the  splitting  of  peat-beds,  as  described  by 
Mr.  G.  H.  Morton,  by  a  somewhat  similar  action,  which  he  believes 
may  have  also  operated  in  Carboniferous  times,  causing  the  splitting 
of  coal-seams. 

3.  "  High-Level  Glacial  Gravels,  Gloppa,  Cyrn-y-bwch,  near 
Oswestry."  Bv  A.  C.  Nicholson,  Esq.  Communicated  by  W. 
Shone,  Esq..  F.G.S. 

These  gravels  are  found  at  Gloppa,  and  are  situated  at  a  height 
of  from  900  to  1160  feet  above  sea-level,  on  the  eastern  slope  of  a 
ridge  of  Millstone  Grit  which  forms  the  western  border  of  the 
Cheshire  and  Shropshire  plain. 

The  beds  present  the  appearance  of  having  been  abruptly  cut  off 
on  the  north-eastern  slope.  The  gravels  are  in  places  much  contorted, 
and  false-bedding  is  frequent.  They  contain  numerous  striated 
erratics.  Amongst  the  boulders  are  Silurian  grits  and  argillit.es, 
granites  like  those  of  Eskdale,  Criffel,  eta,  Carboniferous  rocks.  Lias 
shale,  and  Chalk  flinta.  The  shells  are  often  broken,  rolled,  and 
striated,  but  the  bulk  of  them  are  in  fairly  good  condition. 

A  list  of  the  shells  is  given,  including  nine  Arctic  and  Scandina- 
vian forms  not  now  living  in  British  seas,  nine  northern  types,  also 
found  in  British  seas,  two  southern  types,  and  nearly  fifty  species 
of  ordinary  British  forms.  Comparative  lists  of  the  shells  of  Moel 
Try  fan  and  of  those  now  living  in  Liverpool  Bay  are  placed  side  by 
side  with  the  list  of  shells  from  Gloppa. 
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GRANITE  currma  cbetaceous  bocks-a  correction. 

Sib, — ^In  xny  Presidential  Address  to  the  Geological  Society  in 
1885  (Proo.  Greol.  Soo.  vol.  xli.  p.  75),  I  speak  of  haTing  seen  in  the 
Alps  ''perfectly  typical  granite  cutting  Lower  Cretaceous  strata." 
The  remark  was  founded  on  a  note  made  in  1874.  I  am  sorry  to 
nay  that  in  these  words  there  are  two  mistakes:  the  rock  is  of 
Tertiary  not  of  Secondary  age :  the  granite  is  not  intrusive.  As  to 
the  former  matter  I  was  misled  by  a  small  map,  the  only  one  which 
I  then  possessed ;  as  to  the  latter  I  fell  into  a  trap.  The  rock  looked 
like  a  dyke  of  grey,  not  very  coarse,  granite  cutting  through  a  dark 
lohistoae  rook.  I  was  puzzled  at  not  finding  more  distinct  evidence  of 
contact  metamorphism ;  but  this  solitary  slab-like  mass  in  its  general 
form  so  closely  resembled  a  dyke,  that  I  did  not  at  that  time  suspect 
its  true  nature.  Shortly  after  the  above  statement  was  published, 
a  correspondent  (I  think  Prof.  Velain)  intimated  to  me  that  he 
believed  I  had  made  a  mistake ;  my  own  doubts  kept  increasing ; 
and  last  summer  I  again  visited  the  spot,  which  is  on  the  road  from 
Sepey  to  Ormond  Dessus. 

llie  apparent  dyke  is  one  of  those  large  erratics  which  occur  not 
mifreqiiently  in  the  Flysch  of  Switzerland,  and  others  may  be  found 
at  no  great  distance.  How  it  was  that  I  missed  them  on  the  former 
occasion,  and  thus  failed  to  have  suspicions  awakened,  I  cannot 
nnderstand,  unless  it  be  that  changes  have  been  made  in  the  road. 
Possibly,  as  I  had  then  worked  but  little  at  rocks,  something  else 
may  have  diverted  my  attention.  Be  that  as  it  may,  there  can  be 
no  doubt  that  I  made  a  mistake,  and  hope  that  there  are  not  many 
such  on  my  geological  conscience.  T.  G.  Bomney. 


NOTE  ON  MB,  HUTCniNGS'S  PAPER  ON  SOME  LAKE-DISTRICT 

ROCKS. 

Sib, — As  far  as  the  evidence  of  the  rock-sectionR  goes,  the  rock 
from  Thornthwaite  Crag,  described  by  Mr.  W.  M.  Hntohings,  may 
well  be  an  altered  trachyte  (Gkol.  Mag.  1891,  p.  643).  But  the 
analysis  given  would  indicate  a  rock  nearer  andesite,  like  so  many 
of  the  *'  oligoclase- trachytes  "  of  the  Auvergne.  ConBidering  how 
trachytes  and  andesites  are  associated  in  the  field,  and  how  the  same 
lava-flow  may  contain  varying  proportions  of  porphyritic  crystals 
in  various  parts,  and  may  consequently  yield  alkalies  in  different 
proportions  on  analysis  of  different  specimens,  I  think  we  must 
receive  with  caution  the  suggestion  of  an  occult  rather  than  a 
purely  chemical  cause  for  the  differences  between  the  crystallized 
constituents  of  the  two  types  of  rock.  The  analysis  referred  to 
by  Mr.  Hutchings  as  given  in  "Aids  in  Practical  Geology"  (p.  226 
of  that  book)  is  that  of  a  5oda/fte-Trachyte  of  Ischia.  Now  I 
BUBpect  that,  had  chlorine  not  been  present,  this  rock  would  have 
developed  albite  and  oligoclase  in  sufficient  quantity  to  bring  it 
at  least  to  the  verge  of  the  andesite  series.    If  we  call  the  aodaiiVA 


44  Correspondence — Mr,  Garwood — Mr.  Springer. 

an  "aooessory"  mineral,  and  deduct  the  soda  required  for  iU 
formation,  we  still  have  an  excess  of  soda  over  potash  in  the 
rock;  the  monoclinic  felspar  present  at  Scarrupata,  Ischia,  is,  no 
doubt,  as  is  frequently  the  case,  a  soda-orthoolase.  Such  an  analysis 
must  not  be  regarded  as  typical  of  simple  trachytes,  but  of  the 
sodalite- trachytes,  which,  indeed,  approach  the  phonolites.  Judged 
by  the  bulk- analysis,  then,  the  rock  so  clearly  described  by  Mr. 
Hutchings  has  an  affinity  with  the  nepheline- trachytes  (nepheline- 
phonolites)  or  the  trachytic  andesites.  I  fear  any  trace  of  origiual 
nepheline  will  have  disappeared. 
Dublin,  6th  Dee.  1891.  Gbknvillib  A.  J.  CoLK. 


CONCBETIONS  IN  MAGNESIAN  LIMESTONE. 

Sib, — If  I  am  correct  in  thinking  that  Mr.  Jukes-Browne  con- 
siders that  Carbonate  of  Lime  was  precipitated  on  the  sea-floor 
during  the  formation  of  the  Magnesian  Limestone  beds,  I  am 
inclined  to  agee  with  him ;  but  this  merely  deals  with  the  origin  of 
beds  of  Magnesian  Limestone,  and  does  not  account  for  the  formation 
of  the  Concretions.  If,  however,  he  intended  to  suggest  that  the 
moisture  contained  in  the  deposit  held  the  Carbonate  of  Lime  in 
solution,  I  think  the  amount  would  be  quite  inadequate  to  account  for 
the  thick  beds  of  concretions,  and  this  method  of  origin  would  not 
explain  the  bedding  planes  which  pass  uninterruptedly  through 
matrix  and  concretions  alike.  £.  J.  Garwood. 


THE  LATE  P.  HERBERT  CARPENTER,  M.A.,  D.So.  (Camb.)  F.R.S.,  F.L.S. 

The  Editor  has  received  the  following  note  from  Mr.  Frank 
Springer,  joint-author  with  Mr.  Wachsmuth  of  numerous  works  and 
memoirs  on  the  N.  American  Crinoidea.  It  is  a  high  tribute  of 
regret,  regard  and  esteem  from  the  United  States  for  the  loss  of  one 
whom  we  all  deeply  and  sincerely  mourn  in  England. — Edit. 
Gbol.  Mag. 

Dear  Dr.  Woodward, — It  is  with  the  most  profound  regret  that 
I  have  learned  the  particulars  of  the  death  of  our  lamented  friend 
Carpenter.  It  is  difficult  to  aptly  express  the  great  loss  it  is  to 
Wachsmuth  and  myself.  Carpenter's  rare  scientific  attainments  and 
broad  learning  are  known  wherever  Zoologists  exist,  but  to  us,  who 
have  been  in  constant  correspondence  with  him  for  fourteen  years, 
I  think  his  untimely  death  brings  a  keener  sorrow  than  to  any 
outside  of  the  circle  of  his  intimate  friends  and  relations.  We  had 
the  greatest  reason  and  opportunity  to  admire  and  appreciate  him. 
Notwithstanding  our  many  animated  controversies  in  print  upon 
disputed  questions  of  Echinoderm  morphology,  and  still  more 
numerous  and  earnest  battles  in  private  correspondence,  in  which 
many  a  promising  theory  was  warmly  advocated,  combated,  and 
g^ven  up  on  both  sides,  our  acquaintance  long  ago  assumed  the 
phase  of  cordial  friendship  and  high  personal  regard.  This  was 
still  more  firmly  cemented  by  my  visit  to  him,  while  in  England  in 
2887^,  and  we  feel  his  loss  now  as  a  personal  bereavement.     We 
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were  in  the  most  confidential  oommunioation  relative  to  our  various 
works  on  the  Crinoids,  especially  the  one  now  in  progress.  We 
always  interchanged  advance  sheets  of  our  publications,  and  some- 
times sent  each  other  manuscript  for  examination  and  criticism. 
Carpenter  was  always  the  soul  of  honour  in  regard  to  information 
derived  from  these  private  communications,  and  was  generous  to  the 
last  degree  in  giving  information  from  his  great  store  of  learning, 
whose  value  none  could  estimate  higher  than  we.  I  should  be  very 
glad  to  know  of  any  publications  in  England  in  recognition  of  his 
merits. 

Hoping  this  will  find  you  very  well,  believe  me  always,  very 
sincerely  years. 

Las  Yboas,  New  Msxico,  Fbank  Springer. 

Nowimbir  15M,  1891. 

"ANNALS  OF  BRITISH  GEOLOGY"  FOR  1890. 
Sm, — It  is  not  my  intention  to  make  any  comments  on  the  criticisms 
which  the  compiler  of  the  volume  bearing  the  above  title  has  thought 
fit  to  introdnce  into  the  notices  of  my  papers,  as  those  who  have 
even  the  most  superficial  acquaintance  with  the  subject  therein 
treated  will  be  able  to  appreciate  the  value  of  such  criticisms. 
When,  however,  I  am  deliberately  charged  with  making  a  blunder, 
which  exists  only  in  the  mind  of  the  compiler,  it  is  time  to  say 
iomething.  In  noticing  the  fourth  part  of  my  "  Catalogue  of  Fossil 
Reptilia  and  Amphibia,"  the  compiler  of  the  work  in  question  goes 
oat  of  his  way  to  state  that  I  have  changed  the  names  Orthoeorta  to 
Orthopleurosauriu  without  giving  any  reason  for  so  doing.  Now 
(without  commenting  on  the  circumstance  that  he  had  the  reason  for 
this  change  staring  him  in  the  face),  if  the  compiler  had  taken  the 
trouble  to  look  at  the  notes  at  the  bottom  of  the  page,  he  would 
have  seen  after  the  reference  to  the  name  Orthoeorta,  the  word 
•*  Hybrid."  R.  Lydbkkeu. 

UNCONFORMITIES  BENEATH  THE  CAMBRIAN  QUARTZITES  IN 

SHROPSHIRE. 

Sir, — In  the  Geological  Magazine  (1891),  p.  485,  is  a  paper  by 
the  Rev.  J.  F.  Blake,  in  which  he  challenges  some  of  my  criticisms 
00  his  work  in  Shropshire.     His  chief  assertions  are  the  following : 

(1).  That  at  Pontsford  HiU  the  Longraynd  Rocks  in  contact  with 
the  Rhy elite  are  altered. 

(2).  That  at  NarnelPs  Rock  there  is  an  unconformity  separating 
Cambrian  from  "  Monian  "  rooks. 

(3).  That  at  Charlton  Hill  the  conglomerates  and  grits  are  super- 
ficial, and  are  not  a  part  of  the  Uriconian  series. 

Paper-contests  in  geology  are  rather  unsatisfactory  work,  and  I 
therefore  propose  to  attempt  a  settlement  of  these  disputed  points, 
and  any  others  that  may  be  agreed  upon,  in  the  following  manner. 
A  competent  geologist,  to  be  selected  by  Mr.  Blake  and  myself,  to 
visit  the  ground  in  our  company,  and  to  publish  his  conclusions. 
The  disputant  who  is  convinced  of  his  error  to  publish  his  re- 
cantation.    The  disputant  against  whom  the  referee  decider  in  \.Vk!^ 


/ 
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majority  of  cases  to  pay  the  travelling  expenses  of  the  referee.  I 
am  aware  that  disputes  cannot  always  be  settled  in  this  way ;  but 
the  three  sections  I  have  named  are  so  clear  and  simple,  that  a  third 
party  can  hardly  fail  to  come  to  an  immediate  decision,  and  we 
should  select  a  person  whose  award  would  carry  weight  If  Mr. 
Blake  refuses  this  challenge,  I  will  offer  to  take  any  competent 
geologist  to  the  sections,  and  to  forfeit  five  gunieas  to  a  hospital  if  I 
fail  to  convince  him.  Oh.  Callaway. 

November  20M,  1891. 

"  CONCRETIONS  "  IN  MAGNESIAN  LIMESTONES. 

Sir, — There  is  another  possible  method,  besides  those  suggested 
by  Messrs.  Garwood  and  Jukes-Browne,  by  which  the  globular  and 
pseudo-coralline  and  other  forms  so  remarkable  in  the  Magnesian 
Limestone  of  Darbam  may  have  originated — the  mechanical;  and 
this  is  slightly  alluded  to  by  Professor  Sedgwick  (page  92). 

Many  years  ago  a  friend  presented  me  with  a  considerable  series 
of  specimens  obtained  from  the  neighbourhood  of  Sunderland ;  their 
examination  seemed  to  indicate  that  their  forms  were  due  to  mecha- 
nical action,  but  it  was  difficult  to  imagine  how  the  principle  on 
which  a  school-boy's  marbles,  '^  alleys,  tors  and  commoners,"  are 
formed  from  cubical  fragments  of  stone,  could  have  been  applied 
by  natural  means ;  nor  did  a  visit  to  the  extensive  quarries  at  Fulwell, 
north  of  Sunderland,  assist  in  solving  the  problem.  The  promontory 
on  which  Tynemouth  Castle  stands  may  possibly  help  to  afford  a 
solution.  The  strata  forming  the  base  of  the  cliff  consist  of  Coal- 
measure  Sandstone,  on  which  rests  a  bed  composed  of  angular  frag- 
ments derived  from  the  same,  and  over  this  the  Permian  Limestone 
has  been  deposited.'  This  Limestone  is  fall  of  cavities  resembling 
in  appearance  some  examples  of  vesicular  trap. 

I  would  suggest  that  during  the  formation  of  the  limestone,  and 
whilst  it  was  still  in  a  more  or  less  plastic  state,  gases  evolved  from 
the  decomposition  of  vegetable  matter  forming  beds  of  Coal  made 
their  way  through  the  basement  beds  of  limestone.  Such  vesicles 
as  occur  at  Tynemouth  might  be  expected  to  have  been  formed  under 
these  conditions,  and  it  is  quite  possible  that  the  globular  forms 
of  the  so-called  "  concretions,"  which  occur  near  Sunderland,  may 
have  originated  from  a  similar  cause,  though  under  somewhat 
different  circumstances,  such  as  the  amount  of  gas  evolved ;  the 
amount  to  which  the  lately  deposited  limestone  had  consolidated,  eta 
Whatever  was  the  cause  of  the  fashioning  of  the  globular  masses, 
the  same  must  have  been  the  instrument  by  which  the  coral-like 
forms  were  shaped. 

I  much  regret  being  so  circumstanced  that  I  could  not  conveni- 
ently carry  out  a  series  of  experiments  to  determine  the  possibility 
of  the  globular  forms  being  due  to  the  cause  suggested.  The  only 
rough  attempt  made  was  so  far  satisfactory  that  the  passage  of 
carbonic  acid,  generated  beneath  clay  in  a  plastic  state,  resulted  in 
the  production  of  many  small  rounded  forms. 
BiRKSNKBJLD,  November,  1891.  ChaeLSS  BiOKBTTS. 
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NEEDLESS  ALTERATION  OF  ZOOLOGICAL  NAMES. 

Sia, — The  want  of  a  proper  set  of  recognized  canons  to  regulate 
the  selection  and  retention  of  generic  and  specific  names  is  becoming 
more  and  more  nrgent.  We  are  constantly  being  told  to  abandon 
some  well-known  name  because  an  older  one  bets  been  found,  or 
becanse  it  was  previonsly  given  to  some  other  organism ;  but  such 
reasons  are  not  sufficient  by  themselves.  The  author  of  a  British 
Museum  Catalogue  has  lately  attempted  to  introduce  the  name  of 
Merelrix  instead  of  CyihereOy  and  that  of  Lampusia  in  place  of 
Triton,  two  well-known  genera  of  MoUusca;  but  the  needlessness 
of  the  change  has  been  exposed  by  writers  in  the  pages  of  ''  Nature," 
and  the  author  in  question  must  be  regarded  as  a  culpable  "disturber 
of  the  public  peace  *'  of  mind.  8uch  unnecessary  interference  with 
names  engenders  a  feeling  of  opposition  against  any  change  of  name, 
even  when  the  change  is  desirable  and  well-founded.  Cannot  the 
Linnsan  and  Zoological  Societies  take  common  action  with  the 
International  Geological  Congress  in  establishing  an  International 
Committee  on  nomenclature,  to  which  all  new  names  and  all 
proposed  alterations  of  names  might  be  submitted  ?  The  following 
letter  appeared  in  "Nature"  for  November,  and  might  be  reproduced 
in  every  Biological  and  Geological  Magazine. 

ExBTBR,  November  21.  A.  J.  JukeS-BroWNB. 

Meretrix,  Lamarck,  1799,  versm  Cytherea^  Lamarck,  1806. 

In  the  notice  of  Mr.  Newton's  **  List  of  Molluaca,"  in  "  Nature  *'  of  October  29 
(toL  xUt.  p.  610),  I  read  as  follows: — ^'Many  old  favourites  have  been  thus 
relegated  to  obscurity,  whilst  fresh  names,  dug  up  from  some  forgotten  comer, 
hare,  by  the  law  of  priority,  taken  their  places.  Thus,  Meretrix^  Lamarck,  1799, 
takflB  the  place  of  his  better-known  Cytherea  of  1806,  the  latter  having  been  applied 
by  Fabricius  in  1805  to  a  dipterous  insect.'* 

The  Dipteron  Cytherea  obecura.  Fab.,  1805,  was  described  nine  years  later  than 
Mutio  o6§cunUf  Latreille  (17^6),  which  is  the  same  species.  Meigen,  in  his 
principal  work  (1820),  acknowledged  the  priority,  and  the  insect  has  been  called 
Mutio  ever  since.  As  the  typical  species  is  the  same  for  both  genera,  there  is  no 
chance  whatever  for  Cytherea  to  be  resuscitated,  and  it  may  well  remain  as  the  name 
of  the  Mollosk.  I  most  heartily  agree  with  the  opinion  of  the  reviewer,  that  '*it 
would  be  an  immense  gain  if  every  name  proposed  to  be  altered  had  to  pass  through 
a  regularly-constituted  committee  of  investigation  before  it  was  accepted  and  allowed 
to  pan  current."  In  such  a  committee,  besides  priority^  two  other  paramount 
scientific  interests  should  be  consulted,  and  they  wre—eontinuity  and  authority, 

HsiDKLBX&o,  November  1.  C.  K.  Osten  SackbK. 


OBITXJ^fiLie,'X", 


WILLIAM    KINSEY    DOVER,    F.G.S. 

We  bave  to  record  the  death  of  an  old  friend,  and  brother 
geologist,  Mr.  William  Kinsey  Dover,  F.G.S.,  who  died  at  Low 
Nest,  near  Keswick,  on  the  27th  of  March,  1891,  in  his  seventy- 
fifth  year.  After  completing  his  education,  Mr.  Kinsey  was  for 
some  years  engaged  in  mercantile  pursuits,  but  he  left  London 
in  1855,  and  entered  the  Cumberland  Militia,  in  which  he  served  as 
Ensign  (1855),  Lieutenant  (1861),  and  Captain  in  1865.  On  his 
retirement  from  the  Miii^ia  ia  1868,  he  devoted  himfieU  lo  ^alMt^ 
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History  pursuits,  and  more  lately  to  palaeontology,  paying  especial 
attention  to  the  fossils  of  the  Skiddaw  Slates,  which  he  collected 
with  great  diligence  and  care,  accumulating  in  time  a  very  fine  series 
of  these  rare  Ordovician  treanures.  Mr.  Dover  was  elected  a  Fellow 
of  the  Geological  Society  in  1880,  and  a  memher  of  the  Geologists' 
Association  in  1881,  taking  part  in  the  Lake-District  long-excursion 
of  the  latter  hody  in  that  year,  as  one  of  its  directors.  In  1890  Mr. 
Dover  presented  his  fine  collection  of  Skiddaw  Slate  Fossils  to  the 
Woodwardian  Museum,  Cambridge,  where  it  forms  a  most  valuable 
contribution  to  our  knowledge  of  the  Geology  and  Fauna  of  the  Lake- 
District  rooks. 

SIR    ANDREW    CROMBIE    RAMSAY,    Knt., 

LL.D.,    F.R.8..    F.Q.8. 
BoBN  1814.     DiBD  Dbcbmbbr  9th,  1891*. 

We  regret  to  record  the  death  of  Sir  Andrew  Hamsay,  late 
Director-General  of  the  Geological  Survey,  which  occurred  at  bis 
residence,  Baumaris,  Anglesey,  Dec.  9th,  1891,  in  his  77th  year. 

He  was  educated  at  Glasgow,  and  was  appointed  to  the  Geological 
Survey  of  England  and  Wales  in  1841,  and  became  Local  Director 
in  1845.  He  was  nominated  Professor  of  Geology  at  University 
College  in  1848,  Lecturer  on  Geology  at  the  Royal  School  of  Mines 
in  1851,  and  was  President  of  the  Geological  Society  in  1862  and 
1863.  He  was  elected  a  F.K.S.  in  1849,  and  Knight  of  the  Order 
of  St.  Maurice  and  St.  Lazarus  in  1862,  and  was  elected  an 
honorary  LL.D.  of  Edinburgh  in  1866.  He  received  the  WoUaston 
Gold  Medal  from  the  Geological  Sociey  in  1871.  On  the  death 
of  Sir  Roderick  I.  Murchison,  Bart.,  he  was  made  Director- 
General  of  the  Geological  Survey  of  the  United  Kingdom,  and  of 
the  Museum  of  Practical  Geology  in  1872.  On  his  retirement  from 
these  offices  in  1881,  he  received  the  honour  of  Knighthood.  He 
presided  over  the  meeting  of  the  British  Association  at  Swansea 
in  August,  1880.  He  was  an  Associate  of  many  foreign  societies. 
Sir  Andrew  Ramsay  is  author  of  "The  Geology  of  Arran,"  "Geology 
of  North  Wales,"  1858,  2nd  ediHon  1881 ;  "Old  Glaciers  of  North 
Walep  and  Switzerland,"  1860;  the  "Physical  Geology  of  Great 
Britain,"  1878;  and  of  very  many  memoirs,  chiefly  on  theoretical 
geology. 

His  life  and  portrait  appeared  in  the  Geological  Magazine  for 
1882,  Decade  II.  Vol.  IX.  pp.  289-293. 


Db.  Febpinand  von  Roehbb,  Professor  of  Geology  and  Palseon- 
tology  in  the  University  of  Breslau,  whose  Jubilee  as  Professor  it 
was  intended  to  celebrate  on  10th  May,  1892,  died  at  Breslau,  on 
the  14th  December,  1891,  in  his  seventy-fourth  year.  Dr.  Roemer 
was  elected  a  Foreign  Member  of  the  Geological  Society  in  1859, 
and  was  awarded  the  Murchison  Medal  in  1885.  We  shall  give  a 
notice  of  this  distinguished  Geologist  in  the  February  Number. — 
^iT.  Obol.  Mag. 
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L — ^NOTB    OH    AW    laVlNODOHT    ToOTH    rROH    TBI    LoWIB    CBAUC 

("  ToTrBBxaoB  Stofk"),  kiab  Hitobik. 
By  E.  T.  Nkwmh,  P.O.B. 

THROTTOH  tho  geneiDBit^  of  Mr.  W.  Hill,  Uie  Mnsenm  of 
Pnotioal  Geology  poMeasea  a  tooth  foand  in  the  "Tottarnhoe 
Sbme"  in  the  neighbourhood  of  Hitchin,  whioH  is  of  especial 
intereat  inBamuoh  as  it  is  nndoabtodly  cloaely  related  to  Iguanodon, 
ud  ia  of  later  date  than  any  Britiah  Dinoaaurian  remains  hitherto 
morded ;  the  ^eanthopholii  horridaa  of  Prof.  Husley,'  frora  the 
Clulk  Marl,  and  the  Traehodoa  [Hadroiaunu)  Canlabrigeiuii,  of 
Mr.  Lydekker,'  from  the  "  Cambridge  Greeneand,"  being,  up  to  the 
pment  time,  the  most  recent  of  known  British  Dinosaurs.  Kemains 
of  allied  forms,  bowever,  have  been  found  at  a  higher  horizon  of  the 
Chalk  of  Maestricht,  and  have  been  described  by  Prof.  Seeley,'  and 
M.  L.  Dollo.* 


ElFLANATIOK  OF  FlOORBg. 

A.  Ignaoodont  tooth  from  tba  "Totternboe   Stona"  near  Hitchin.     Enamelled 
"  '        '  '    ■         ■     ■         —    -  ■'  -jj  prog|j_ 

The  specimen  to  which  attention  is  now  directed  is  the  upper 
part  of  the  crown  of  an  unworn  tooth,  in  an  admirable  state  of 
preservation  ;  its  lower  part  was  evidently  broken  away  before  it 
vas  imbedded  in  the  Chalk,  and  the  sliarpnesa  of  the  fractured 
edges,  as  well  as  of  the  denticulations,  sliows  that  it  has  uuder- 

'  Gbol.  M*o.  Vol.  IV.  1867,  p.  Go.  >  Q.J.O.S.  vol.  ilir.  p.  47. 

>  Q.J.G.  S.  »ol.  mil.  p.  246. 

■  UdU.  Ma*.  Bof.  Iliit.  Nat.  Belg.  vol.  ii.  p.  20a,  1833. 
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gone  no  subsequent  attrition.  The  greatest  length  of  the  portion 
preserved  is  about  0*6  inch,  and  its  width  from  before  backwards 
0-5  inch,  whilst  the  greatest  thickness,  at  the  fi-actured  end,  is  about 
0*4  inch.  The  enamelled  surface  is  somewhat  pointed  at  the  apex, 
and  has  a  single  crest,  extending  from  top  to  bottom,  which  divides 
this  surface  into  two  unequal  areas.  The  anterior  and  posterior 
margins  are  ornamented  with  strong  serrations,  from  which  grooves 
extend,  almost  vertically,  some  distance  on  to  the  enamelled  surface. 
When  viewed  from  before,  the  crown  is  wedge-like,  and  the  serra- 
tions of  the  edge,  when  seen  with  a  lens,  are  found  not  to  be  simple, 
but  each  of  them  is  itself  denticulated,  giving  a  mammillated 
appearance  to  the  somewhat  thickened  edge.  The  enamel  is  slightly 
roughened  by  small  vermiform  rugss. 

The  close  resemblance  between  this  tooth,  so  far  as  preserved,  and 
some  of  those  figured  by  Sir  R.  Owen  ^  as  Iguanodon  Mantellij  would 
lead  to  the  inference  that  it  belonged  to  the  same  species  were  it  not 
that  one  of  these  (figs.  15,  16)  having  only  a  single  ridge  on  the 
enamelled  surface,  has  more  recently  been  referred  by  Prof.  Seeley' 
and  Mr.  Lydekker'  to  Trachodon  (Hadrosaurua),  and  as  our 
specimen  has  only  a  single  ridge,  it  would  seem,  at  first  sight,  that 
it  also  should  be  referred  to  Trachodon,  However,  Sir  R.  Owen's 
figures  10  and  17  have  only  small  secondary  ridges  of  the  enamel, 
and  these  do  not  extend  far  from  the  base  of  the  tooth,  our  specimen 
therefore  might  well  be  a  portion  of  such  a  tooth  with  the  small 
ridges  broken  away.  Besides  this,  another  tooth  with  only  a  single 
"enamel  ridge,  which  is  from  the  Wealden,  is  called  Iguanodon  by 
Sir  R.  Owen,^  and  no  one  seems  to  have  questioned  the  correctness 
of  this  determination. 

Then,  again,  with  regard  to  the  serrations,  these  are  coarser  than 
in  the  figures  of  Trachodon,^  and  the  grooves  extend  from  them  some 
distance  over  the  enamelled  surface,  a  character  seemingly  wanting 
in  Trachodon,  The  mammillations  of  the  serrations  find  their 
counterpart  in  both  Iguanodon  ManteUi  and  Trachodon  (Hadroaaurua) 
Foullcei, 

The  Dinosaurian  remains  from  the  Maestricht  Chalk  described  by 
Prof.  Seeley  and  M.  L.  Dollo  include  certtiiii  bones  which  are  said 
to  have  affinities  with  Iguanodon  and  Hadrosaurua ;  they  have  been 
named  Orthomerua  Dolloi,  It  is  possible  that  the  tooth  from  the 
"  Totternhoe  Stone  "  may  prove  to  belong  to  the  last-named  genus ; 
but  as  there  is  no  evidence  at  present  of  the  teeth  of  Orthomerua,  it 
would  scarcely  be  wise  to  refer  our  specimen  to  it ;  on  the  other  hand, 
it  is  quite  certain,  that  in  whatever  genus  this  tooth  may  eventually 
have  to  be  placed,  it  is  very  closely  related  to  Iguanodon,  and  with 
this  it  will  provisionally  be  included,  and  named  specifically  after 
its  donor  Iguanodon  Hillii, 

*  Pal.  Soc.  Cret.  Rept.  suppl.  ii.  pi.  yii.  figs  10,  15,  16,  17. 

»  Q.J.G.S.  vol.  XXXV.  p.  691,  1879.  »  Q.J.G.S.  tuI.  xliv.  p.  47,  1888. 

«  Pal.  Soc.  Rept.  Wealden,  pt.  ii.  pi.  xviii.  fig.  6,  1855. 

^  J^eidy,  Smithsonian  Contributions,  vol.  xiv.  1865. 
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n. — ^NoTB  otr  A  New  Spkoibs  of  Ostchodus  from  the  Lower  Old 

Bed  Sahdstone  of  Forfar. 

Bj  E.  T.  NiwTow,  P.0.8. 

THE  oocurrence  io  the  Letlbary  "  Passage-beds  "  of  a  united  series 
of  teeth  referable  to  the  American  type  of  fossil  fishes  named 
by  Prof.  Newberry  Onifehodus,  was  made  known  by  Mr.  A.  Smith 
Wood¥raTd  in  the  Gbolooioal  Magazine  for  November,  1888;  and 
in  the  British  Museum  Catalogue  in  1891.  Since  then  1  have 
met  with  another  example  of  tbe  genus  among  the  stores  of  the 
Geological  Survey,  which,  as  it  seems  to  be  quite  distinct  from  the 
Herefordshire  species,  and  is  from  a  distant  locality,  deserves  to  be 
placed  on  record* 


Omwckodua  teoiieus,  n.  sp.,  from  tbe  Old  Red  Sandstone  of  Forfar.    PresentfKl  to 
me  Mnaeiun  of  Practical  Geology  by  James  Powrie,  Esq.,  F.G.S.,  of  Keswaliie. 

The  specimen  consists  of  a  series  of  teeth  from  the  Lower  Old 
Red  Sandstone  of  Turin  Hill  (?),  Forfar,  and  has  been  presented  to 
the  Museum  of  Practical  Geology  by  Mr.  James  Powrie,  of  Reswallie, 
who  has  done  so  much  to  extend  our  knowledge  of  the  fauna  of 
these  rocks.  This  series  of  teeth,  is  preserved  in  a  shaly  layer 
oovering  a  small  block  of  hard  grey  sandstone  ;  and  the  shale  having 
been  split  open,  the  fossil  itself  has  been  broken  through  from  end 
to  end,  one  half  being  retained  in  each  piece  of  shale ;  portions  of 
some  of  the  teeth,  however,  have  fallen  out.  Tliere  are  eight  teeth 
placed  one  before  another  in  a  single  row,  with  their  bases  coossitied 
8o  as  to  form  a  rigid  semicircular  base,  which  measures  about 
9  mm.  in  a  straight  line  from  end  to  end.  Two  of  the  teeth 
seem  to  have  been  quite  perfect  when  imbedded  in  the  shale ;  but 
the  others  are  more  or  less  worn  down  and  rounded.  The  longest 
and  most  perfect  tooth  is  about  4  mm.  in  length ;  and  the  shortest 
nearly  3  mm.    The  basal  portion,  bo  far  as  one  can  judgQ  i^tom  ^ 
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wax  impression,  is  about  2  mm.  wide.  Each  nnwom  tooth  ia 
strongly  curved,  or  rather  crooked,  with  an  acute  somewhat  re- 
curved point.  The  concavity  of  each  tooth  is  directed  towards  the 
end  where  they  are  least  worn.  The  cavities,  left  by  the  teeth  which 
have  fallen  out,  show  that  these  teeth  were  provided  with  a  very 
distinct  ridge  on  each  side,  and  they  appear  to  have  been  flattened 
from  before  backwards. 

An  examination  of  the  broken  surfaces  with  a  lens  reveals  a  very 
vascular  condition  of  the  base,  and  large  vessels  pass  from  this  into 
each  tooth.  No  division  can  be  traced  between  the  bases  of  the 
teeth,  which  are  evidently  firmly  united  to  each  other. 

Compared  with  Onychodus  anglicus  and  0.  arcticvs,  the  present 
specimen  dififers  in  the  more  uniform  size  of  its  teeth,  the  longest 
of  which  is  not  half  the  length  of  the  most  perfect  tooth  in  the 
former  species,  from  which  it  also  differs  in  the  greater  curve,  and 
non-involution  of  the  base;  and  further,  its  teeth  have  distinct 
lateral  ridges  and  no  central  cavity. 

The  uniform  size  of  the  teeth  in  the  Forfar  specimen  agrees  better 
with  the  American  forms,  but  they  are  much  smaller  than  in  any 
one  of  the  three  species  described  by  Prof.  Newberry,  and  are  of 
a  different  shape.  In  0.  Ortoni  the  teeth  are  said  to  be  sunk  in  the 
base  **  as  posts  are  planted  in  the  ground." 

British  examples  of  this  genus  are  so  rare  that  even  such  frag- 
ments as  that  above  described  may  well  receive  specific  distinction, 
and  I  propose  to  name  it  Onychodus  scoiicus. 

The  following  are  the  species  of  Onychodus  now  known  : — 

0.  aigmoidesy  Newberry.    Comiferous  Limestone  (Lower  DeTonian),  Ohio.    Monog. 

U.  S.  Geol.  Sur?.  vol.  xvi.  p.  66,  1889. 
0.  Hopkinsif  Newberry.     Chemung  Group  (Upper  Devonian),  Delaware  Co.,  New 

York.     Ibid.  p.  99. 
0.    Ortoni^   Newberry.      Huron   Shale   (Upper  Devonian),    Franklin  Co.,   Ohio. 

Ibid.  p.  71. 
0.  anfflicusy  Smith  Woodward.     Lower  Old  Red  Sandstone  Passage  Bed,  Ledbury, 

Herefordshire.     Geol.  Mao.  Vol.  V.  1888,  p.  600,  and  Cat.  Foes.  Fishes, 

Brit.  Mus.  part  I,  p.  393,  1891. 
0.  arctieusy    Smith   Woodward.      Lower   Devonian,    Spitzbergen.      Geol.   Mao. 

Vol.  VI.  1889,  p.  499;  and  Ann.  Mag.  Nat.  Hist.  vol.  viii.  1891,  p.  1. 
0.  icoticuSf  Newton.     Old  Red  Sandstone,  Forfar. 


m. — SoMB  New  Forms  of  Hyaline  Foraminifbra  from  the  Qault. 

By  Frederick  Chapman. 
(PLATE  IL) 

IN  the  course  of  investigations  amongst  the  Microzoa  from  the 
Gault  of  Copt  Point,  Folkestone,  some  Foraminifera  came  under 
my  notice,  which  are  hyaline  representatives  of  the  usually  arenaceous 
type  Webhina.  These  forms  are  remarkably  similar  in  external 
appearance  to  those  of  the  arenaceous  group,  but  microscopical 
examination  of  the  test  under  a  high  power  reveals  the  fiuely 
tubulated  structure  characteristic  of  the  hyaline  type. 

It  must,  however,  be  borne  in  mind  that  the  isomorphous  genera 
in  the  three  groups  of  the  Foraminifera  based  upon  shell-structure 
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ire  of  olituifioatory  rather  than  biologioal  value ;  it  being  most 
probable  that  the  same  orgaDism  ma;  possess  the  ability  to  rurm  thu 
itrnctare  of  its  external  ooveriDg  aocording  to  tbe  oooditions  aoJtr 
wliiiji  ilie  lUiiaopod  vzistH. 

Dr.  Sollaa  hM  deaoribed'  two  forms  of  Hyaline  Foraminifera 
from  the  Cambridge  Grsensand  nnder  the  generio  term  Webbina, 
whicji  presents  the  same  finely  perforated  structure  aa  the  Gaulc 
ipaoiineiifl,  and  he  has  proposed  to  reserve  the  generio  term  Webbinn 
for  tbe  type  he  describeB  posseasing  the  perforate  character.  Thu 
stniotnre  of  the  shell  wall  of  these  perforate  varieties,  as  Dr.  SoIIom 

? lints  out,  abowB  the  typo  to  be  closely  related  to  the  Rotaline 
aiaminifera :  and  einoe  there  is  present  a  shelly  flauge  which  may 
poMihly  be  equivalent  to  the  keel-like  edge  of  some  PulBinnliait,  I 
would  therefore  saggest  that  the  perforate  varieties  of  Webbiaa 
might  form  a  separate  genus,  whioh  would  find  a  place  between 
Bxpertia  and  Pn/rtaufina. 

Another  somewhat  remarkable  form  found  is  interesting  on 
■oooont  of  the  prominence  which  it  gives  to  the  fact  of  the  great 
variability  of  the  Foraminifera,  This  is  an  adherent  and  ramifying 
variety  of  Polymorphina.  In  general  appearance  it,  sumewhitt 
reMmbles  the  form  Sngeudla  of  Dr.  Brady,  especially  in  the  shape 
of  the  terminations  with  their  simple  apertures.  In  a  few  specimeus. 
however,  the  portion  of  the  test,  wliich  is  roimdml  and  inflated,  and 
is  much  smaller  than  the  ramified  portion,  shows  a  decidedly 
chambered  structure,  identical  with  that  of  Polymttrpkina ;  and  this 
is  confirmed  by  one  individual  of  which  the  test  was  liroken.  showing 
the  chambered  portion.  The  cervicom  and  fistuloee  varieties  of 
Poli/morphina  are  very  fully  discussed  in  Messrs.  Parker,  Jones, 
and  Rriuly's  paper  on  the  genus  Polijinorphitta  ; '  under  the  name  of 
Polymorphina  Orbignii,  Zborzewski,  sp. 

Yitriwebbtna,  gen.  nov.  PI.  XL 
General  charaelera. — Test  opaque  to  translucent,  of  a  whitish  or 
pale-brown  colour.  Shell-wall  very  finely  perforated.  Consisting 
or  a  single  hemiapberical  or  pyriform  chamber,  or  of  a  graduated 
series  disi>osed  usually  in  a  curved  line,  and  adherent  upon  some 
foreign  Biihstance.  The  ohambers  are  connected  by  stolon  tubes, 
very  distinctly  seen  on  the  under  surfaces  of  the  specimens  whicli 
have  become  detached.  The  surface  of  the  shell  may  be  smooth, 
pitted,  or,  as  in  Dr.  Sollas's  specimen,  tubercuUte. 

Yitritnebbina  SoUati,  sp.  nov.     PI.  II.  Figs.  1-3. 

This  form  oonsists  usually  of  one,  but  sometimes  of  even  four 
pyrifonn  chambers,  always  adherent,  in  many  cases  to  rolled 
fragments  of  phosphatio  nodules.  The  test  is  usually  white,  lliougU 
tometimes  pale-browu  and  opaque,  and  the  shell-wall  is  finely 
Inbulatei],  with  the  exception  of  a  thin  encircling  flauge  of  shell 
material  as  it  were  completing  the  fusion  of  the  shell  to  its  attiich- 
Uent     This    peculiar  flange  of  shell  substance  is  present  in  Dr. 

1  Gfol-  Mao.  Dm.  II.  Vol.  IV.  1877,  p.  102-10S,  PI.  VI. 

'  TraM.  Linn.  8*e.  toL  xivu.  1870  (1871),  pi.  ilu.  lig«.  38  b— «,  p^.  Ml- US. 
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Sollas's  specimens,  but  turned  inwards  on  the  foreign  body.  This 
variety  occurs  in  Price's  Zones  I.  HI.  V.  VII.  and  XL  at  20  feet 
from  the  top  of  the  Gault,  at  Copt  Point  I  have  also  since  found 
it  iu  the  Gault  at  Battlebridge,  Merstliam,  Surrey.  I  have  associated 
the  name  of  Dr.  W.  J.  Sollas  with  this  form,  who  first  described  the 
perforate  type. 

Vitritcehhina  lavia,  Sollas,  sp.    PI.  II.  Fig.  4. 

This  form  has  already  been  recorded  by  Dr.  Sollas,  and  is 
mentioned  here  in  passing  as  occurring  in  the  Gault  beds  of  Folke- 
stone in  Zones  IV.  VII.  ai^d  XI.  at  50  feet  from  the  top. 

PoJymorphina  Orhigniif  Zbor.  sp.,  eervicomiB  var.  no  v.   Figs.  5  and  6» 

The  test,  which  is  generally  found  attached  to  shell  fragments, 
such  as  Nucula,  commences  with  a  polyraorphine  arrangement  of 
chambers,  which  proceeds  to  take  on  a  wild  flattened  fistulose 
growth,  sometiiues  six  times  the  length  of  the  initial  series  of 
chambers.  The  apertures  are  simple  orifices  at  the  terminations  of 
the  branchlets.  An  example  occurs  in  which  the  branching  growth 
lias  just  commenced.  This  variety  is  found  in  Zones  III.  and  VII. 
of  the  Gault  at  Copt  Point 

In  concluding  these  notes,  I  wish  to  acknowledge  the  kind  advice 
I  have  received  from  Prof.  T.  Rupert  Jones,  F.R.S.,  and  also  the 
valuable  assistance  of  my  friend  Mr.  C.  D.  Sherborn,  F.G.S- 

EXPLANATION    OF  PLATE  II. 
Fio.  1. —  VHriwehbina  SoV^isi,  sp.  nov.,  showing  thin  encircling  flange/  (X  60). 

,,     2.-7',  Sollasif  fragment  of  test  showing  tubulate  structure  (x  360). 

„      3. — A  specimen  of  ditto  with  four  chambers  (x  60). 

,,      4. —  r.  lavis,  Sollas,  sp.  (x  40). 

,,  6. — Pdymorphifui  Orbignii,  Zbor.  sp.,  var.  cervicomis^  attached  to  a  frag- 
ment of  shell  of  Nttcula.  Tne  lines  indicating  the  later  growth  are 
slight  grooves  in  the  shell  to  which  the  Foraminifer  was  attached,  as 
if  the  foreign  body  were  partially  dissolved  along  the  lines  of  attach- 
ment ;  p.  represents  the  polvmorphine  series  of  chambers.  The  whole 
of  the  shell  contains  an  infilling  of  pyrites  (X  30). 

ft  6. — The  apex  of  one  of  the  branches  oi  P.  Orbigniif  var.  cervicomii^  showing 
the  finely  tubulated  shell -wall. 

IV. — The  Absence   op  Glacial  Phenomena   in  large   Parts  op 
Westkrn  Asia  and  Eastern  Europe,  etc. 

By  Henby  H.  Howorth,  M.P.,  F.G.S.,  «tc. 

IN  Rome  papers  which  you  have  done  me  the  favour  to  print  in 
the  Geological  Magazine,  I  have  endeavoured  to  apply  a  new 
touchstone  to  test  tlie  age  of  high  mountain  chains  and  of  land  of 
high  elevation,  namely,  the  presence  or  absence  of  distinct  and  pro- 
minent traces  of  former  glaciation,  and  I  have  argued  that  where 
such  traces  are  not  forthcoming  in  a  very  unmistakable  manner, 
we  are  justified  in  concluding  that  these  highlands  have  been 
elevated  since  the  so-called  Glacial  Period.  I  have  endeavoured  to 
appl}'  the  touchstone  in  question  to  the  Ural  and  Altai  Mountains, 
to  the  Thian  Shan  and  Himalaya  ranges  in  Asia,  and  to  the  great 
Cordillera  which  binds  together  the  two  continents  forming  the  New 
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World.  I  wish  to  make  my  survey  more  complete  by  an  examina- 
tion of  an  interesting  area  comprising  Eastern  Europe  and  South 
Western  Asia. 

Before  addressing  myself  directly  to  this  issue,  however,  I  feel 
under  an  obligation  to  reply  to  the  criticisms  of  Mr.  Bianford. 
They  appeared  when  I  was  far  away  from  England,  or  they  should 
have  had  an  earlier  notice. 

In  one  of  my  papers  I  quoted  the  testimony  of  four  geologists  of 
wide-spread  fame  and  great  experience,  keen  and  patient  observers. 
whose  works  are  geological  classics,  who  had  visited  and  explored 
with  great  pains  the  Urals,  the  Altai  Moimtains  and  the  Thian  Shan 
range,  namely,  Humboldt,  Tchihatchef,  Yon  Gotta,  and  Severtsof. 
All  these  observers  had  examined  geological  phenomena  in  many 
latitudes  and  were  familiar  with  glacial  marks,  and  all  of  them 
failed  to  find  the  footmark  of  the  Glacial  Period  in  the  ranges  in 
question,  although  they  looked  for  them.  This  is  assuredly  a  strong 
case.  How  does  Mr.  Bianford  dispose  of  it  ?  He  says  he  can 
attach  no  value  to  the  evidence  brought  forward,  because  (mark  the 
phrase)  '*  I  myself  was  at  one  time  Jed  away  by  it."  To  measure 
the  capacity  of  some  of  the  greatest  geologists  of  modern  times  for 
distinguishing  what  I  venture  to  think  are  among  the  most  obvious 
of  phenomena,  by  the  fact  that  the  critic,  like  every  other  good  man, 
has  once  made  a  mistake,  seems  to  me  to  involve  an  appeal  to  other 
than  8cienti6c  reasoning. 

Let  me  add  that,  as  Mr.  Scebohm  has  reminded  me,  P^re  David, 
who  spent  many  months  at  Moupin,  on  the  frontier  of  China  and 
Tibet,  at  the  foot  of  a  mountain  as  high  as  Mont  Blanc,  failed  to 
find  traces  of  old  glacial  action  there,  a  result  which  was,  I  believe, 
also  reached  by  Bichthofen  in  other  parts  of  China. 

This  is  assuredly  a  very  important  addition  to  the  strong  chain  of 
witnesses  I  have  previously  quoted  in  your  pages  in  references  to  the 
great  congeries  of  mountains  in  Eastern  Asia. 

Turning  to  the  Himalayas,  Mr.  Bianford  does  not  dispute  the 
fact  that  in  Peninsular  India  and  in  the  great  plains  of  the  Indus 
and  the  Ganges,  the  real  Hindostan,  no  true  glacial  phenomena  are 
forthcoming.  He  urges,  however,  that  they  do  occur  high  up  in 
the  Himalayas  on  a  scale  quite  incommensurate  with  my  arguments. 
I  have  not  visited  the  Himalayas  myself,  but  I  did  quote  two  ex- 
perienced observers.  Mr.  Campbell  and  General  McMahon,  whose 
testimony  is  decidedly  at  issue  with  Mr.  Bianford,  and  who  had 
visited  the  country.  It  is  true  that  some  of  Mr.  Campbell's  theories 
are  fanciful  enough ;  but  I  never  met  any  one  who  disputed  his 
keen  eye  for,  and  his  extraordinary  knowledge  of,  glacial  facts  in  all 
parts  of  the  world.  Apart  from  these  explorers,  however,  I  appealed 
to  a  witness  who  is  unbiassed  by  our  discussions,  who  has  no  views 
whatever  as  to  the  glacial  theory.  I  mean  the  Sun.  Mr.  Bianford 
seems  to  have  a  contempt  for  photographs.  I  am  bound  to  say  I 
differ  from  him  toto  ecelo ;  and  I  have  examined  glacial  phenomena 
over  as  much  ground  as  most  people. 

In  regard  to  the  main  and  most  satisfactory  evidenoe  of  glaciation, 
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more  satisfactory  than  either  honlders  or  scratched  stones  or  moraines, 
namely,  the  rounded  and  curved  outlines  always  present  when  a 
glacier  has  polished  a  valley,  I  know  of  no  testimony  so  excellent 
as  that  of  photographs,  for  by  their  help  we  can  rid  ourselves  at 
once  of  the  personal  equation  of  the  observer  whether  he  have  ice 
or  water  on  the  brain.  I  appealed  to  photographs — many  of  which 
I  had  seen — and  to  that  appeal  I  adhere.  I  contend  they  are  a 
complete  justification  of  my  views. 

I  never  argued  that  when  you  get  np  into  the  higher  valleys  of 
the  Himalayas  there  is  no  evidence  of  the  former  presence  of 
glaciers.  I  emphatically  stated  that  there  is,  as  Hooker  and  others 
showed  long  ago;  but  I  did  and  do  contend  that  these  traces  of 
former  glaciers  are  infinitesimal  compared  with  what  they  ought 
to  be  if  the  Himalayas  had  existed  when  the  great  Bhone  glacier 
was  depositing  its  famous  loads  far  and  wide. 

I  do  not  quite  understand  the  reference  to  a  difference  of  latitude 
which  Mr.  Blanford  says  I  have  overlooked.  What  has  latitude  to 
do  with  the  question  ?  Assuredly  the  Urals,  which  rise  in  places 
to  a  height  of  1525  metres,  and  which  are  covered  with  snow  for 
eight  months  in  the  year,  the  Altai  Mountains,  which  are  higher, 
and  the  Northern  Rockies  are  all  in  latitudes  which,  if  that  bad 
anything  to  do  with  the  question,  would  have  placed  them  at  least 
on  the  same  level  as  the  Alps,  the  Pyrenees,  and  the  Scotch 
Mountains,  which  have  such  abundant  traces  of  glacial  action  upon 
them.  It  is  not  latitude  that  has  to  do  with  the  question,  but  an 
abundant  supply  of  moisture,  and  a  sufficiently  powerful  source  of 
cold.  With  these  two  conditions  there  will  be  abundant  snow  and 
ice,  whatever  the  latitude. 

When  I  spoke  of  a  great  Asiatic  Mediterranean  having  existed 
during  the  Glacial  period,  it  was  not,  as  Mr.  Blanford  seems  to 
suppose,  to  invoke  an  army  of  icebergs  as  having  existed  there, 
which  I  altogether  disbelieve  in  ;  but  to  point  out  that  this  reservoir 
of  water  close  at  hand  would  supply  the  very  moisture  necessary 
for  a  tremendous  glaciation  of  the  Asiatic  mountain  chains,  and 
notably  of  the  Altai,  if  those  mountain  chains  had  then  existed. 

Granting  this  supply  of  moisture,  granting  the  capacity  of  these 
high  ranges  as  excellent  condensers,  we  have  in  the  wide  area  they 
cover  the  necessary  elements  for  a  huge  development  of  ice.  If 
there  is  no  evidence  of  this  ice  having  existed,  then  I  would  urge 
again  that  it  goes  a  long  way  to  prove  that  the  great  mountains  did 
not  exist  either  at  the  time  in  question. 

That  the  glaciers  have  been  bigger  no  one  disputes,  but  I  hold 
with  Godwin-Austen  that  this  was  comparatively  recently.  On 
this  subject  he  wrote  as  follows  in  the  Geological  Journal  many 
years  ago : — 

**I  have  often  been  struck  by  the  indications  of  considerable 
amounts  of  change  of  temperature  within  what  may  he  called  our  own 
times.  The  proofs  of  this  are  to  be  found  in  many  parts  of  the  great 
Himalayan  chain.  These  consist  in  the  numerous  terminal  moraines 
which  in  so  many  places  abut  on  the  larger  rivers,  down  to  which 
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point  glaciers  most  bave  onoe  descended,  and  which  in  some  cases 
must   have  rivalled  in  length  the  present  ones  of  the   Mustakh 

range. Among  the  proofs  that  there  has  been  a  change  of 

temperature  of  recent  date  are  the  following.  Many  passes  which 
were  used  even  in  the  time  of  Bajah  Ahmed  Shah  of  Skardo,  are 
now  closed.  The  road  to  Tarkand  over  the  Baltoro  glacier,  which 
before  his  time  was  known  as  the  Mastakh,  has  by  the  increase  of 
the  ioe  near  the  pass  become  quite  impracticable.  The  men  of  the 
Braldoh  Valley  were  accordingly  ordered  to  search  for  another 
route,  which  they  found  in  the  present  pas8,  at  the  head  of  the 
Pnnmab  glacier  above  Ghiring.  Again,  the  Jiissespo  La  can  now 
be  crossed  only  on  foot;  whereas  in  former  times  ponies  could  be 
taken  over  it  The  pass  at  the  head  of  the  Hob  Loombah  is  now 
never  used,  though  there  is  a  tradition  that  it  was  once  a  pass ;  no 
one,  however,  of  the  present  generation  that  I  could  hear  of  had 
ever  crossed  it.  Certain  large  glaciers  have  advanced,  such  as  that 
at  Anindu,  of  which  the  old  men  assured  me  that  in  their  young 
days  the  terminal  cliff  was  1^  miles  distant  from  the  village. 
Mr.  Vigne  says,  'it  was  a  considerable  distance,'  it  is  now  only 
400  yards.  A  like  increase  has  taken  place  at  Punmah,  where, 
within  the  last  six  years,  the  road  has  been  completely  covered  by 
the  ice  and  moraine,  and  where  Mahomed,  my  guide,  told  me  the 
old  camping  ground  was,  now  lies  a  quarter  of  a  mile  under  the 
ioe ;  the  overthrown  trees  and  bushes  plainly  testified  to  the  recent 
advance  which  this  mass  has  made ;  this  evidence  was  equally  well 
seen  along  the  side  of  the  Arundu  glacier.  Even  so  lately  as  twelve 
years  since,  the  people  of  Shigar  were  enabled  to  get  two  crops  off 
their  fields;  thus  the  first  crop  (barley)  was  followed  as  soon  as 
cut  by  a  second  (knngdni),  which  ripened  by  the  end  of  autumn. 
Since  that  time  it  will  not  come  to  maturity,  so  that  after  the  barley 
the  fields  now  lie  fallow,  and  the  kungiini  has  now  to  be  sown 
earlier  in  the  season"  (Joum.  Roy.  Geog.  Soc.  vol.  xxxiv.  p.  51.) 

In  regard  to  the  shrinkage  of  the  glaciers,  evidence  is  not  of  the 
same  kind,  for  the  good  reason  that  during  recent  years  the  stage 
has  been  one  of  growth,  but  the  same  author's  descriptions  point  to 
the  traces  of  former  extension  as  being  comparatively  recent.  Thus 
he  says  of  the  Punmah  glacier:  ''This  glacier  has  in  some  past  years 
been  upwards  of  a  100  feet  thicker  than  it  now  is,  as  shown  by  its 
lateral  moraines,  and  the  grooved  and  scratched  rocks  on  either  side" 
(id.  30).  Again,  speaking  of  the  glacier  of  Biafo,  he  says :  "  The 
present  thickuess  of  the  ice  is  a  point  not  easily  determined ;  but, 
judging  from  stria9  in  the  sides  of  ravines  from  which  glaciers  have 
retired,  from  300  to  400  feet,  is  not  an  exaggerated  allowance  for 
what  they  once  have  been  **  (id.  50).-  Speaking  of  Basho  he  says : 
"  Glacier  action  of  former  times  was  here  very  apparent  in  the  great 
masses  of  angular  rocks  above  the  village.  The  enormous  collection 
of  angular  fragments  in  the  terminal  moraine  of  a  large  glacier,  the 
remains  of  which  are  to  be  sought  higher  up,  and  where  now  it  is 
only  4  or  5  miles  long,  with  broad  feeders  from  the  mountains  on 
the  west  side  "  (td  64).     ThiB  will  sufiice  from  Godwin- k\x^VQ\i. 
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I  might  have  quoted  another  witness.  In  a  note  to  an  adrair 
and  most  interesting  work  on  Eastern  Persia  well  known  to 
and  to  Mr.  Blanford,  and  on  page  470,  J  find  the  following :  *' 
brother,  Mr.  H.  F.  Blanford,  has  suggested  to  me  that  the  gre 
humidity  of  Persia  and  the  neighbouring  countries  in  former  ti 
may  have  partly  accounted  for  the  former  great  extension  of  glac 
in  the  North -West  Himalayas.  If  the  west  wind  so  prevaleni 
North-Western  India  were  moist,  instead  of  being  hot  and  dr] 
it  now  is,  there  would  be  certainly  a  great  increase  in  the  deposi 
of  snow  on  the  Western  Himalayan  ranges."  Nay,  I  might  h 
as  I  have  before,  quoted  Mr.  Blanford  against  himself;  for,  i 
paper  on  Persian  superficial  deposits,  he  argues  that  the  drying 
of  Central  Asia  is  connected  with  the  elevation  of  the  Steppe  re| 
of  Central  Asia  (J.R.G.S.  vol.  xxix.  p.  500). 

In  this  I  completely  agree.  The  desiccation  of  Central  Asia  is  g( 
on  at  this  moment  We  have  a  great  deal  of  evidence  about 
shrinkage  of  its  lakes  and  the  disappearance  of  its  streams  in  hist 
times.     With  this  desiccation  I  hold  the  shrinkage  of  the  As 

•  glaciers  has  also  proceeded  ;  and  we  need  not,  especially  if  we 

champions  of  Uniformity,  go  back  beyond  a  reasonable  date  in  o 

j  to  find  an  ample  and  sufficient  cause  for  the  increased  length  of 

i  Himalayan  glaciers  in  recent  times. 

1  Another  point  in  Mr.  Blanford*s  criticism  I  do  not  quite  fol 

I  understand  him  to  say  that  because  the  Wild  Ass  and  the  Ante 
can  live  now  at  great  heights,  the  Khinoceros  could  do  the  « 

'  The  Rhinoceros  is  essentially  a  tree- feeding  and  sh rub- feeding  an i: 

and  does  not  graze  on  short  grass ;  and  we  know  the  kind  of  t 
which  the  Rhinoceros  antiquitatis  fed  upon.  To  postulate  that 
Khinoceros  could  live  where  the  Antelope  lives  is  to  me, 
saying  that  the  Zebra  could  live  where  the  Wild  Ass  of  Mon^ 
lives;  that  Cape  Biifl*alo  could  live  where  the  Bactrian  Cfi 
lives;  and  that  the  Bison  could  exist  where  the  Musk  Sheep  thri 
I  do  not  understand  the  argument :  nor  do  I  understand  why 
existence  of  a  zoological  sub-province  in  China,  which  has  1 
established  by  a  chain  of  observers  from  Brian  Hodgson  to  1 
David,  precludes  the  notion,  otherwise  so  strongly  supported, 
the  Highlands  of  Eastern  Asia  are  a  recent  feature  in  phyi 
geography. 

This,  1  think,  completes  my  reply  to  Mr.  Blanford ;  and  I 
now  pass  on.  My  argument  was  not  meant  to  be  restricted  to 
gi*eat  masses  of  mountains  in  Eastern  Asia.  These  massei 
mountain  are  closely  united  in  their  physical  history  with 
highlands  stretching  from  the  Hinduh  Koh  westward  thrc 
Persia ;  and  it  is  a  remarkable  fact  that  there  also  we  ha\ 
singular  absence  of  erratic  phenomena  and  of  traces  of  a  so-ci 
Glacial  period. 

On  this  subject  Mr.  W.  T.  Blanford  says  :  "  In  Persia  the  coui 
although  greatly  elevated  above  the  sea-level,  is  covered  with  d 

I  but  I  found  no  signs  of  striation  on  the  pebbles,"  nor  had  he  1 

j  able  to  detect  glacial  markings  on  extensive  plateaux  more 
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600O  feet  above  the  sea,  with  peaks  rising  to  12,000  feet  and  even 
more  (Q.J.G.S.  vol.  zxz.  p.  478).  Elsewhere  he  says:  '<0f  glacial 
action  in  Persia  there  is,  perhaps,  a  trace  in  the  thick  gravel  found 
locally,  as  near  Karman,  on  ranges  of  considerable  height.  At  the 
tame  time  no  clear  evidence  of  ice  action  could  he  detected.  In  the 
Mmn  Mountains^  which  are  in  about  36^  latitudCf  neither  Dr.  Filippi 
fori  eomld  find  any  evidence  of  former  glacial  action.  It  is  true  that 
neither  of  ns  had  much  opportunity  for  exploring ;  but  it  is  remark- 
able that  Abich  should  have  called  attention  to  the  same  absence  of 
glaciation  in  the  Caucasus  "  (Blan ford's  Eastern  Persia,  p.  470). 

Dr.  Filippi,  whose  memoir  is  before  me,  speaks  in  the  same  terms. 
He  very  naturally  asks  where  the  great  mass  of  water  can  have 
come  from  to  spread  the  gravel  which  occupies  so  much  of  the  sur- 
face of  Persia,  to  explain  which  he  says  we  mmt  not  have  recourse  to 
a  glacial  epoch  of  which  there  is  no  trace  in  the  Elburz  MountainSy  *'  di 
cni  Don  vha  nelle  montagne  delF  Elburz  alcuna  tracoia  "  (Atte  della 
Soclt  de  Sci.  Nat.  vol.  vii.  p.  283).  The  same  writer  calls  attention 
to  another  fact  which  I  would  quote  here,  and  which  corresponds 
with  what  I  have  said  of  the  Ural  ^lountains  and  the  American 
Cordillera,  namely,  that  these  great  masses  of  high  land  form  no 
zoological  frontier,  and  are  therefore  presumably  of  very  recent 
origin.  **A  great  continuous  barrier,"  he  says,  "like  this,  ought, 
like  the  other  principal  mountain  chains  of  the  world,  to  form  a 
frontier  separating  two  sensibly  distinct  faunas,  but  this  is  not  the 
caae.  There  is  a  greater  diiference  between  the  fauna  on  the  two 
sides  of  the  Alps,  and  on  the  east  and  west  of  Europe  than  on  the 
two  sides  of  the  Elburz"  {id.  279-280).  He  further  urges  that  the 
fauna  of  the  high  ground  in  Western  Persia  is  essentially  that  of  the 
Caspian  depression  and  of  the  Turanian  Steppes,  which  seems  to  me 
to  also  point  to  these  highlands  having  been  elevated  very  recently. 

No  doubt  Mr.  Pal  grave,  who  by  the  way  was  not  a  geologist,  did 
profess  to  find  considerable  traces  of  old  glacial  action  in  the  neigh- 
bourhood of  Erzerum,  as  others  have  professed  to  find  them  in  the 
Caucasus.  In  answer  I  would  refer  to  the  observations  of  a  most 
acute  and  experienced  geologist,  namely  Abich. 

In  an  elaborate  memoir  by  him  on  the  geology  of  the  Caucasus 
and  the  mountains  of  Armenia  and  North  Persia,  published  in  tho 
7th  volume  of  the  Memoirs  of  St.  Petersburg  Academy,  he  says  : 
"The  distribution  of  erratic  blocks,  together  with  the  associated 
phenomena  of  the  grinding  and  polishing  of  rocks,  is  foreign  to 
the  Caucasus.  Nevertheless,  large  blocks  of  stone  and  masses  of 
rock  of  largo  dimensions,  like  erratic  blocks  in  many  respects  occur 
in  some  of  the  valleys,  especially  those  of  the  Terek ;  often  too  they 
have  travelled  some  distance.  But  the  transport  of  these  blocks  has 
nothing  in  common  with  tho  true  diluvial  phenomena  of  the  period 
of  ernitic  blocks  of  the  European  mountains,  but  is  assignable  merely 
to  alluvial  action  which  still  operates,  though  in  a  diminished  man- 
ner." He  describes  how,  through  the  conformation  of  the  valleys, 
specially  in  such  places  as  the  narrow  pass  of  Dariel,  great  barriers 
of  debris  are  found  which  dam  back  lakes  200  or  300  feet  dee^,  and 
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when  these  burst  their  bounds,  f^eat  masses  of  stone  are  carried 
along  the  Terek  Valley  as  far  as  Wladikawkas.  Abich  mentions  how 
the  great  earthquake  in  1840  which  destroyed  the  village  of  Argnri 
in  the  district  of  Ararat,  was  followed  by  a  great  rush  of  waters 
which  bore  along  great  masses  of  rock  much  larger  than  those  now 
to  be  seen  in  the  Terek  Valley.  Similarly,  he  says,  great  blocks  of 
250  to  300  feet  in  circumference  have  been  carried  from  the  district 
of  Ararat  for  a  distance  of  seven  versts  over  an  inconsiderable  slope. 

Abich  goes  on  at  some  length  to  show  that  the  moraines  and 
other  glacial  phenomena  of  the  Caucasus  are  very  local  and  confined 
to  the  upper  valleys,  and  do  not  protrude  out  into  the  open  country 
in  the  wTay  they  do  in  the  West  of  Europe,  and  that  they  are  the 
obvious  handiwork  of  the  existing  glaciers,  and  do  not  point  to 
a  glacial  period.  I  prefer  to  quote  his  conclusion  in  his  own  words. 
"  So  lage  denn  in  diesen  Moninen  des  Gyoal  Don,  die  einzigen 
von  so  bestimmten  Charakter  und  solche  Grcisse  mit  in  Eaukasus 
bekannt  gewordenen,  ein  annahemdes  Maass  fiir  das  Maximum 
des  Gletscherwerkungen  von,  wie  sie  seit  dem  Begunt  und  dem 
Verlaufe  der  alluvialzeit  bis  zur  Gegenwart,  hier  durch  lokale  mit 
der  EntstehuDg  des  Easbek  zusammenhangende  physikalisohe  Con- 
figuration der  Eamm  region  bedingt  worden,  niemals  aber  das 
Privilegium  einer  besonderen  etwa  eine  allgemeine  erhohete 
Gletscherbildung  bedingenden,  oder  auch  nur  begiinstigenden  Epoche 
fiir  das  Eaukasus  gewesen  sein  konnen"  (Mems.  St  Pet.  Acad, 
vol.  vii.  pp.  519-523). 

The  same  conclusions  were  arrived  at  by  Mr.  J.  F.  Campbell, 
whose  wonderful  appreciation  of  glacial  phenomena  is  specially 
apostrophized  by  Professor  Judd.  As  he  neared  the  Easpes  peak, 
he  says,  "  We  drove  over  undulating  plains  of  clay  and  passed  a  lot 
of  large  stones ;  but  I  could  find  no  scmtches.  In  the  evening  I 
walked  to  the  right  bank  of  the  river  and  found  a  great  ridge  of 
clay  which  I  took  for  a  moraine ;  but  even  here  I  could  find  no 
scratched  stones.  I  believe  it  to  be  part  of  a  delta,  I  sketched  and 
inspected  brick-pits,  and  reluctantly  gave  up  my  Caucasian  glacial 

hypothesis We  drove  up  a  beautiful  gorge  with  well-marked 

terraces  of  rolled  stones  at  the  mouth  of  it,  and  with  many  very 
large  stones  scattered  about;  but  I  saw  nothing  glacial  in  the  gorge." 
Speaking  of  the  route  between  Eazbeg  and  Tiflis,  he  says :  "  The 
outlines  of  the  mountains  are  due  to  weathering.  Except  large 
stones  I  could  find  no  trace  of  glacial  action  in  the  whole  journey  of 
202  versts  (133^  miles)  ....  After  a  careful  search  in  the  valley 
lower  down  than  Zalkan  all  the  large  stones  that  I  could  find 
were  smooth  water-worn  pebbles  taken  out  of  the  clay  and  out  of 

great  beds  of  rolled  stones  which  there  make  large  hills If 

ever  glaciers  worked  in  the  range,  their  traces  have  been  almost 

entirely  obliterated I  could  find  no  signs  of  glaciers  even  on 

the  remnants  of  the  old  surface  through  which  the  water  has  dug 
a  couple  of  thousand  feet  or  more."  Speaking  of  the  only  lake  in 
Daghestan,  the  water  of  which  is  dammed  by  a  dam  of  angular 
gravel,  which  may  be  a  terminal  moraine,  he  says :  '^  I  could  find  no 
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glaciated  rocks  anywhere  abont  the  lake.  The  moraine  is  the  only 
nark  of  glaciation  that  I  could  identify  in  the  whole  range  while 

traTelling  from  end  to  end From  lat  40^  to  45^  N.  long.  60^ 

to  3d^  £.  I  could  not  find  one  rounded  hill  or  hollow,  one  scratched 
lock  or  stone,  one  perched  block,  one  lake-basin,  certainly  due  to 
^Aciai  erosion,  a  glacier,  or  the  trace  of  one.  The  highest  hills  are 
jagged  sierras,  the  lower  hills  pyramidal  or  scarped,  the  valleys  of 
all  sizes  are  shaped  liked  a  V  "  (Q.J.6.S.  vol.  xxx.  pp.  46CM66). 

Let  us  now  turn  to  another  mountain-range,  namely,  that  of  the 
Lebanon  in  Northern  Syria.  Here  Sir  J.  Hooker  many  years  ago 
(Nat.  Hist.  Bev.  Jonm.  1862,  p.  11)  described  the  Cedars  as  growing 
on  very  considerable  moraines,  and  this  fact  has  been  quoted  in 
almost  every  manual  of  geology  as  evidencing  the  former  glaciation 
of  the  Lebanon.  The  facts  are,  however,  very  doubtful  indeed,  and 
it  is  clear  that  in  view  of  recent  explorations  they  will  have  to  be 
rerised. 

In  a  paper  by  M.  Louis  Lartet  published  in  the  22nd  volume  of 
the  Bulletin  of  the  French  Greological  Society,  embodying  his  re- 
searches extending  over  several  months  in  Syria  and  Arabia,  he  refers 
to  these  supposed  moraines,  and  urges  that  they  are  not  really 
moraines  and  do  not  belong  to  the  so-called  Ice  age  at  all,  in  the 
first  place  because  he  had  never  seen  any  scratched  pebbles  or  other 
traces  of  glacial  action  in  the  midst  of  these  deposits,  and  secondly, 
because  they  contain  no  basaltic  pebbles  or  boulders  showing  that 
they  mnst  be  older  than  the  outbreak  of  basalt,  etc,  which  have 
left  such  marks  on  the  country,  and  he  identifies  them  with  the 
calcareous  conglomerates  long  ago  described  by  Botta  (Mem.  de  la 
See.  geol.  de  France,  158)  to  similar  beds  described  by  Russeger  in 
the  Orontes  Valley,  also  composed  of  conglomerates  cemented  to- 
gether by  calcareous  matter  and  which  he  treated  as  diluvian. 
Damascus  is  built  on  a  similar  bed,  and  it  also  occurs  at  the  foot  of 
Anti  Libanus  and  on  the  eastern  shores  of  the  Lake  of  Tiberias 
(op,  dL  p.  458). 

There  is  a  similar  difficulty  about  the  supposed  glacial  beds  in  the 
Atlas  range.  Ch.  Orad,  who  explored  the  range,  found  no  traces  of 
ice-action  there  (see  2ieit8chrift  der  ost  Gesellschaft  fiir  Meteorologie, 
1873,  p.  32). 

If  we  turn  to  Asia  Minor,  we  shall  naturally  turn  for  geological 
information  to  the  detailed  and  masterly  work  by  Tchihatchef.  He 
explored  the  peninsula  with  great  pains,  and  he  says  emphatically 
that  all  the  phenomena  of  the  Glacial  epoch  are  absent  from  Asia 
Minor,  and  he  adds  that  this  is  very  curious,  since  the  climate  of 
Asia  Minor  is  even  under  present  conditions  considerably  influenced 
by  the  cold  of  Russia  (Tchihatchef,  Asia  Mineure,  4th  part,  Geology, 
part  ii.  p.  485). 

Crossing  the  Bosphorus,  we  have  the  same  testimony.  Boue, 
in  his  great  work  on  European  Turkey,  says  distinctly  that  the 
phenomenon  of  erratic  blocks  is  foreign  to  the  two  Turkeys,  i.e, 
Asia  Minor  and  Turkey  in  Europe,  as  it  is  in  all  the  south-east  of 
Europe  (La  Turquie  d*Europe,  voL  L  p.  395). 
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Tn  an  elaborate  memoir  on  the  geology  of  European  Turkey, 
published  in  1876,  in  the  20th  volume  of  the  Auatrian  Geological 
Society,  F.  Yon  Hochatetter  quotes  Viquesnel  for  the  statement  that 
neither  in  the  Izker  valley  (vol.  ii.  p.  873)  nor  in  that  of  the 
Rielska  Reka  above  Kilo  Selo  (vol.  ii.  p.  374),  nor  in  the  upper 
Mesta  valley  (vol.  ii.  p.  366),  do  these  deposits  bear  any  resemblance 
to  moraines.  Hochstetter  says,  '*  I  can  confirm  this  view  of  Viquesnel," 
and  be  goes  on  to  show  how  easy  it  is  sometimes  to  mistake  a  great 
mass  of  debris,  the  result  of  an  avalanche,  for  a  moraine,  as  in  the 
case  of  a  mass  of  granite  blocks  10  metres  high  in  the  valley  of 
Rielska  Reka,  and  he  concludes,  *'  Der  Rilo,  das  hochste  Gebirge  der 
ostlichen  Tiirkei,  hat  ebenso  wenig  eine  Getscherperiode  gehabt» 
als  der  Balkan"  {op.  eii.  pp.  460-461). 

Neumayr  is  equally  emphatic,  and  I  will  quote  a  passage  from  his 
well-known  Erdgeschichte,  published  in  1887: — ''No  unmistakable 
traces  of  glaciation  have  as  yet  occurred  in  the  Balkan  Peninsula 
where  they  quite  fail,  except  in  the  fact  of  the  occurrence  of  some 
mountain  lakes  which  may  point  to  glacier  action  in  the  Kilo  Moun« 
tains  in  South-Western  Bulgaria.  I  myself  have  explored  several 
of  the  high  districts  in  Greece,  Thessaly,  and  Macedonia,  and  neither 
on  the  Shar-dagh,  near  Uzkub,  nor  on  Mount  Athos,  nor  on  Olympus, 
nor  in  the  ^tolian  Alps,  nor  in  the  Rorax  Mountains,  have  I  found 
any  traces  which  can  be  attributed  to  the  work  of  glaciers  {op,  ciL 
pp.  698-599). 

Moving  northwards  we  have,  in  oonclusion,  to  refer  to  the 
Carpathians.  Traces  of  old  glacial  action  have  been  diligently 
sought  in  this  range,  and  more  than  one  writer  has  described  their 
existence;  but  they  seem  to  be  very  local,  if  not  doubtful.  If  they 
bad  been  glaciated  on  a  considerable  scale,  assuredly  debris  from 
their  summits  ought  to  be  found  dispersed  over  North  Germany, 
which  is  literally  covered  with  erratics  that  have  come  all  the  way 
from  Finland  and  Scandinavia,  where  the  mountains  are  for  the 
most  part  very  little,  if  any,  higher. 

Neumayr  says  that  traces  of  glacier  action  of  any  importance  are 
only  to  be  found  in  the  upper  Tatra,  that  mass  of  serrated  granite 
heights  which  extends  between  the  districts  of  Zips  and  Leptan 
in  Northern  Hungary  and  Galicia.  Long  ago  Zeuschner  found 
traces  of  the  moraines  of  an  ancient  glacier  at  Zakspan  in  the  Tatra 
group,  and  in  later  times  similar  traces  have  been  found  on  the 
south  side"  {op,  cit,  pp.  597-598).  Neumayr  gives  a  good  illustration 
of  these  mountains,  in  which  I  confess  I  can  see  no  traces  of  the 
ice  plane  in  the  rugged  angular  masses  of  granite,  and  1  very 
much  doubt  the  chanicter  of  these  so-called  moraines  which  are  so 
obviously  inconsistent  with  the  rough  rocks  above  them.  I  notice 
also  that  Neumayr  points  out  as  the  most  striking  evidence  of 
old  glacial  action  in  the  Carpathians  the  presence  there  of  many 
mountain  lakes,  which,  following  in  the  footsteps  of  Ramsay,  he 
attributes  to  glacial  causes,  a  view  in  which  a  large  number  of 
geologists  cannot  share. 

Turning  to  other  parts  of  the  Carpathians,  Neumayr  says  quite 
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frankly  that  though  traoes  of  glacial  action  are  not  entirely  absent, 
yet  they  are  insignificant  (anbedeutend).  In  the  Liptan  Mountains, 
he  aaySy  are  some  anoertain  traces;  but  he  himself  had  failed  to 
find  any  evidence  over  a  considerable  stretch  of  the  Central 
Carpathians.  Paul  and  Tieze  had,  however,  noticed  some  moraines 
on  the  Cherna  hora,  the  highest  part  of  the  Eastern  Carpathians, 
2007  metres  high,  whence  the  Theiss  and  White  Pruth  spring 
(ui  p.  599). 

It  seems  to  me  that  the  evidence  forthcoming  to  show  that  the 
Carpathians  partook  in  the  general  glacial  phenomena  which  have 
left  snch  important  and  unmistakable  traces  in  the  much  inferior 
ranges  farther  west,  such  as  the  Vosges,  the  Morvan,  etc.,  is  quite 
unsatisfiictory  and  insufficient,  and  that  the  problem  should  be  again 
examined  on  the  spot  by  some  inquirers  who  do  not  mistake  every 
heap  of  rolled  stones  for  a  moraine.  It  is  incredible  to  me,  if  the 
Oaipathians  had  existed  in  the  Glacial  age  at  the  time  when  the 
moontains  of  Scotland  and  Ireland  and  Cumberland  were  loaded 
with  ioe,  that  we  should  have  to  search  so  minutely  over  them  for 
any  real  traces  of  ice  action,  and  to  be  actually  limited  to  finding 
them  on  two  or  three  of  their  higher  peaks.  The  view  that  the 
farther  we  go  east  in  Europe,  the  smaller  do  the  traces  of  glacial 
action  become,  had  already  occurred  to  others. 

Penck  says  that  Peschel  was  the  first  to  observe  (Volkerkunde, 
1877,  p.  43)  that  traces  of  glacial  phenomena  diminish  in  Europe 
a»  we  go  East.  Of  the  three  South  German  mountain  ranges  the 
Vosges  present  the  greatest  traces  of  glaciation,  while  in  the  Alps 
tlie  intensity  of  the  phenomena  diminishes  as  we  go  East,  and  the 
Western  Alps  must  have  been  more  thickly  covered  with  ice  than 
the  Eastern.  The  same  is  the  case  in  America ;  only  that  there  the 
intensity  of  glaciation  diminishes  as  we  go  west  While  the  low- 
lying  lands  in  the  east  of  that  continent  were  covered  with  ice,  the 
mountain  region  on  the  west  coast  only  harboured  local  glaciers 
(Penck,  Vergletscherung  der  Deutschen  Alpen,  p.  438). 

The  evidence  seems  to  me  to  point  to  the  Carpathians  being  a 
▼ery  recent  feature  in  European  physical  geography,  and,  as  in  the 
case  of  the  Balkans,  the  Taurus,  in  Asia  Minor,  the  Caucasus  (per- 
haps the  Lebanon  and  the  Atlas),  and  the  Elburz  Mountains,  to 
their  not  having  been  in  existence  during  the  Glacial  age,  of  whose 
unmistakable  handiwork  they  bear  no  adequate  traces. 

I  have  endeavoured  in  the  recent  papers  which  you  have  done  me 
the  favour  to  print  to  meet  the  demand  of  those  geologists  who  have 
asked  me  for  a  cause  competent  to  produce  such  a  diluvial  move- 
ment as  I  have  postulated  at  the  close  of  the  Mammoth  age,  and 
which  seems  to  be  attested  by  a  great  mass  of  evidence.  I  have 
tried  to  collect  a  certain  number  of  facts  to  show  that  at  the  close  of 
the  epoch  in  question  there  was  a  very  violent  and  widespread  dis- 
location of  the  earth's  crust,  which  led  to  the  upheaval  of  some  of 
its  loftiest  mountain  chains.  This  upheaval  was  accompanied,  as  I 
believe,  by  an  equally  rapid  and  substantial  subsidence  in  other 
places,  of  which  also  there  is  much  evidence,  some  of  which  you 
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may  perhaps  permit  me  some  time  to  print  It  was  in  my  view  by 
a  combination  of  these  two  movements  that  the  diluvial  phenomena 
to  which  I  refer  were  produced.  This  cause  is  at  all  events  an 
efficient  one,  and  is  therefore  not  like  so  many  of  the  physical  causes 
appealed  to  by  the  current  school  of  Uniformity,  both  inefficient 
and  transcendental. 


Y. — On  certain  Gneisses  with  Round-grained  Oliooolase  and 

THEIR  Relation  to  Pegmatites. 

By  Geobob  Barrow,  F.G.S., 
H.  M.  Geological  Survey. 

[Commanicated  by  permission  of  the  Director-General.] 

IN  the  course  of  my  work  in  the  Highlands  of  Forfar,  I  have 
been   much   struck  with   the  mode  of  occurrence  of  certain 
light-coloured  gneisses,  of  undoubted  igneous  origin. 

They  are  intruded  into  the  surrounding  rocks  in  an  infinite 
number  of  thin  bands  or  sills,  generally  interlacing,  and  often 
not  more  than  two  feet  thick ;  sometimes  not  exceeding  an  inch. 
Their  bulk  in  some  areas  exceeds  considerably  that  of  the  older 
rocks,  at  other  times  it  is  far  less. 

Two  points  are  easily  noted;  first,  they  have  no  selvage  edge; 
secondly,  they  have  a  very  characteristic  aspect,  due  to  rounded 
grains  of  oligoclase. 

Commencing  in  an  area  where  these  characters  are  well  marked, 
we  find  that  the  rock  consists  of  oligoclase,  muscovite,  biotite, 
quartz,  and  microcline,  but  the  last  mineral  bulks  far  less  than  the 
more  basic  felspar.  It  is  the  oligoclase  that  is  so  round -grained  in 
form,  and  gives  the  rock  its  characteristic  appearance.  The  micas, 
especially  the  muscovite,  may  easily  be  seen  to  have  sharp  angles. 

Going  southwards,  tliat  is,  away  from  an  area  where  gneisses 
predominate,  we  observe  the  round-grained  character  to  become  less 
marked,  and  the  oligoclase  to  form  a  smaller  proportion  of  the 
whole  rock.  Still  farther  south,  the  gneissose  character  becomes 
less  marked,  the  oligoclase  is  further  diminished  in  amount,  while 
muscovite  begins  largely  to  exceed  the  biotite. 

In  this  phase  the  rock  begins  to  be  much  permeated  with  coarse 
pegmatite,  which  forms  a  massive  fringe  to  the  southern  edge  of 
the  gneiss,  this  fringe  attaining  in  one  case  a  breadth  of  700 
yards.  The  pegmatite  consists  essentially  of  microcline,  quartz,  and 
muscovite,  the  oligoclase  being  usually  very  small  in  quantity,  and 
not  visible  to  the  unaided  eye.  That  this  rock  consolidated  much 
as  we  now  see  it  is  obvious  from  the  vast  area  of  contact  meta- 
morphism  that  accompanies  its  intrusion.  How  then  was  it  pro- 
duced? I  learned  the  solution  of  the  enigma  from  a  normal  granite. 
A  common  type  of  granite  consists  of  potash-felspar,  quartz,  oligo- 
clase and  two  micas ;  the  first-named  mineral  usually  attaining  the 
greatest  size,  and  being  most  striking  to  the  eye.     But  examine 
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a  broad  djke,  belonging  to  the  same  original  magma,  and  its 
appearanoe  is  seen  to  be  very  different  llie  potash  felspar  is  no 
longer  visible  to  the  unaided  eye,  but  it  forms  with  the  quartz  a 
finely  granitic  matrix,  in  which  the  earlier  crystals  of  consolidation, 
the  two  micas  and  oligoclase,  are  porphyritically  embedded.  Still 
farther,  if  tlie  rock  is  slightly  decomposed,  the  latter  mineral, 
somewhat  tabular  in  form  with  conspicuous  development  of  the 
clinopinaooid,  is  seen  to  have  an  outer  shell,  fairly  well  marked  off 
from  the  much  more  rounded  inner  portion.  The  oligoclase  obviously 
came  up  in  this  form,  and  completed  its  growth  from  the  magma  in 
which  it  lay,  which  later  portion  has  been  shown  by  Prof.  SoUas^ 
to  be  more  acid  in  character  than  the  core.  The  round-grained 
crystals  then,  of  our  round-grained  gneiss,  want  their  outer  rim  of 
later  growth.  How  is  this  to  be  accounted  for?  If  such  a  granite- 
magma  be  intruded  during  or  towards  the  close  of  a  powerful  earth- 
movement,  it  may  be  forced,  by  the  tremendous  pressure,  into 
every  possible  plane  of  weakness  in  the  surrounding  rocks.  Now, 
obvionaly,  it  is  not  the  crystals,  but  the  liquid  portion  of  the  rock 
that  must  enter  first,  and  all  the  crevices  must  be  opened  to  the 
diameter  of  the  oligoclase  crystals  before  any  of  them  can  enter. 
The  acid  portion  then  of  the  magma,  containing  the  constituents  of 
potash  felspar,  must  travel  somewhat  in  advance  of  the  crystals  of 
earlier  formation.  In  addition,  the  continuance  of  the  pressure  will 
itill  further  force  the  liquid  from  the  solid  crystals,  leaving  at  last 
JQst  sufficient  of  the  magma  to  fill  the  interstices  between  them. 
Thus,  in  my  opinion,  has  the  perfect  form  of  round-grained  gneiss 
been  produced,  which  is  by  no  means  uncommon.  The  more  acid 
magma  will  travel  furthest,  and  finally  consolidate  as  pegmatite. 
Pat  back  the  pegmatite  into  the  gneiss,  and  you  have  the  compo- 
lition  of  a  normal  granite.  The  round-grained  character  of  the 
oligoclase  is  thus  seen  to  be  due  to  the  draining  off  of  the  magma, 
from  which  it  normally  finishes  its  growth. 

To  turn  now  to  the  question  of  the  absence  of  selvage  edges  to 
the  gneiss.  Obviously  a  coarse-grained  intrusion  of  an  inch  in 
thickness  would  only  be  possible  if  the  country  rock  were  nearly  at 
the  same  temperature  as  the  magma.  There  is  further  evidence 
tending  to  this  conclusion,  but  as  some  parts  of  it  are  matters  of 
dispute,  it  may  be  omitted  for  the  present. 

From  the  foregoing  remarks  we  may  draw  the  conclusion  that 
neither  a  round-grained  gneiss  of  the  above  type,  nor  its  accom* 
panying  pegmatite,  is  in  any  true  sense  a  metamorphio  rock ;  both 
consolidated  as  we  now  see  them.  In  addition,  it  would  be  more 
accurate  to  describe  the  pegmatite  as  being  exiruded  from  the  gneiss, 
than  intruded  into  it.  The  latter  view  implies  a  later  date,  while 
both  are  obviously  of  the  same  age.  Like  any  other  rock,  such 
gneisses  and  pegmatites  are  liable  to  subsequent  metamorphism. 

'  See  Prof.  Sollas*  paper,  •*  Contributions  to  a  Knowledge  of  the  Granites  of 
LeiiMter,**  Trans.  Roy.  Irish  Acad.  toI.  xxix.  p.  427. 
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VI. — On  the  Continuity  of  the  Eellawats  Beds  over  extrvdid 
Areas  near  Bedford,  and  on  the  Extension  of  the  Fullek'i 
Earth  Works  at  Woburn. 

By  A.  C.  G.  Camkbox; 

of  Her  Majesty's  Geological  Sarrey.^ 

[Printed  by  permiBsion  of  the  Director-General  of  the  Geological  Surrey.] 

DURING  late  years,  by  the  opening  of  new  sections,  fresh 
information  has  been  obtained  of  the  geology  of  different 
parts  of  the  country,  and  several  fine  excavations,  the  result  of 
railway  enterprise,  have  afforded  great  sections  of  the  Eellawaya 
beds  in  localities  where  only  conceptions  of  them  previously  pre- 
vailed. Gaps  have  been  filled  up,  and  the  continuity  of  the  beds 
over  extended  areas  confirmed.  The  principal  revelations  come 
from  the  Hull  and  Bamsley,  and  from  the  Swindon  and  Cirencester 
railways,  opened  respectively  about  1881  and  1883,  and  the  works 
now  in  progress  in  connexion  with  the  widening  of  the  main  line 
at  Oakley,  near  Bedford.  There  are  records  too  of  deep  sinkings 
and  borings,  away  from  the  outcrop,  that  indicate  an  area  for  the 
Kellaways  as  extensive  as  that  of  the  Oxford  Clay  itself — and  in 
the  Midlands  a  more  than  usual  thickness  is  reported;  the  Bletchlej 
boring  of  1886  specially  indicating  this. 

From  Wiltshire  to  the  bold  cliffs  of  Gristhorp  and  Scarborough 
Castle,  along  the  great  sweep  of  Oxford  Clay,  this  immense  sand- 
bank— if  it  is  such — is  well  enough  indicated,  and,  when  hidden 
beneath  the  Fens,  the  Humber  flat,  or  the  Drift,  is  unquestionablj 
accounted  for. 

Probably  the  earliest  reference  to  the  Kellaways  comes  from 
Boston,  in  Lincolnshire,  where,  in  1783,'  the  Oxford  Clay  was 
penetrated  470  feet,  and  then  sand,  to  a  depth  of  8  feet,  when  the 
boring  was  abandoned  as  the  water  which  then  rose  proved  to  be  salt. 
About  that  time,  too,  William  Smith  observed  at  Kellaways 
Bridge,  in  Wiltshire,  a  stone  being  quarried  for  road-metal  that 
**  occurred  in  irregular  concretions,  the  exterior  aspect  of  which  is 
brown  and  sandy,  the  interior  being  harder  and  of  a  bluish  colour. 
It  consists  almost  entirely  of  a  congeries  of  organic  remains.  The 
beds  of  clay  which  cover  this  rock  abound  in  selenite,  and  below  are 
beds  of  clay  again." 

The  late  Mr.  Bristow  informed  me  that  there  is  no  Kellaways 
Bock  now  at  Kellaways,  it  having  been  all  qi.  rried  away  at  its 
outcrop,  for  road-stone,  years  ago.  Local  stones  were  much  more 
used  in  olden  times  than  now,  owing  to  the  difficulty  of  transporting 
road-metal ;  thus  the  rock  at  Kellaways  was  then  used  for  that 
purpose. 

Briefly  reviewing  the  past  literature  of  this  formation  we  find 
thnt,  owing  to  the  absence  of  sections  along  its  course  and  the 
difficulty  in  consequence  in  tracing  it,  it  was  alluded  to  as  being  of 

^  An  abstract  of  this  paper  was  read  in  Section  C,  British  Association,  Cardiff,  1891. 
*  Phil.  Trans,  vol.  xvi.  p.  183  (1785;. 
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partial  oocairenoe  only,  and,  if  not  entirely  wanting  in  the  Midland 
districts,  at  least  so  attenuated  as  to  be  inseparable  from  the  Oxford 
Clay.  For  reasons  such  as  these  the  Eel  la  ways  were  not  known  in 
Bedfordshire  until  of  late  years — nothing  of  the  kind  having  been 
recorded ;  the  preponderance  of  yellow  sand  and  loam  on  the  sides 
of  the  valley  aroand  Bedford  being  looked  upon  as  an  extension 
merely  op  the  slopes  of  the  sand  and  gravel  prevailing  in  the  town. 
Large  areas  of  building  land  have  recently  been  covered  with  houses 
at  Bedford,  and  there  is  a  constant  demand  for  bricks  and  lime. 
Brickmaking  is  carried  on  with  energy,  and  the  brickfields  and 
itone-pits  are  prominent  objects  of  interest  in  the  neighbourhood  of 
tlie  town.  Pits  are  opened  at  the  outcrop  of  the  Rellaways  and 
earried  down  into  Great  Oolite  through  Lower  Oxford  (selenite 
daj),  Combrash  and  purplish  Cornbmsh  clay.  In  the  making  of 
bndks  the  Lower  Oxford  and  the  Eellaways  loam  or  ''  lam  earth/' 
SB  it  is  called,  are  mixed,  lessening  the  liability  in  the  clay  to 
nmtract  and  crack  in  drying,  as  happens  when  the  Lower  Oxford, 
the  '  strong '  clay,  is  used  alone. 

These  Oolite  divisions  are  seen  to  great  advantage  in  the  valley 
of  the  Ouse,  as  they  lie  upon  each  side  of  the  river.  Those  extra- 
ordinary concretionary  stones  that  characterize  the  Eellaways,  jut 
out  in  the  valley  and  stand  about  in  some  brickyard  sections,  in 
ebsters,  like  gigantic  fungi. 

There  is  an  admirable  display  of  these  singular  stones  at  Oakley 
Hill,  near  Bedford.  The  railway  passes  in  a  cutting  there  through 
a  tongae  of  land  that  juts  out  into  the  valley  from  the  amphitheatre 
of  hills  around,  and  the  cutting  which  is  now  being  widened  and 
est  back  towards  the  hills,  has  laid  bare  a  considerable  length  of 
Upper  Oxford,  Eellaways  rock  and  sand.  The  base  of  the  Eellaways 
ii  not  reached,  but  outcrops  lower  down  with  other  underlying  beds, 
loond  the  flanks  of  the  hill.  Big  stones,  smooth  and  rounded,  stand 
oat  in  relief  in  the  sides  of  the  cutting,  the  effect  being  heightened 
by  the  softened  aspect  and  sombre  hues  of  the  clay  above.  These 
also  stood  in  rows  upon  the  sand  before  being  broken  up,  to  make 
way  for  the  rails.  One  of  the  workmen  likened  them  to  boulders 
pot  down  for  stepping-stones,  adding  that  there  must  have  been 
^  %  flood  there  at  one  time."  Some  of  these  huge  stones  measure 
thirty  feet  in  circumference.  Where  the  sand  is  dug  away  and 
they  stand  each  upon  its  own  pedestal  of  sand,  the  resemblance  to 
prodigons  mushrooms  is  almost  more  than  fanciful.  Sometimes  two 
stones  are  joined  bj.i  neck  forming  twin  stones,  when  this  semblance 
18  lost  in  the  figure  of  an  hour-glass  or  the  number  eight.  Where 
many  stones  are  near  together — and  there  are  twenty  or  thirty  now 
and  then — these  all  but  form  beds  of  hard  sandstone. 

In  some  cases  they  are  isolated  and  bare  on  the  bright  yellow 
sand,  and  the  mind  reverts  to  the  sea  and  the  sands  and  the  blocks 
of  stone  one  sees  there  when  the  tide  is  out. 

Prof.  Barker  gives  an  account  of  the  Eellaways  beds  exposed  in 
the  railway  cutting  at  South  Ceniey,  near  Cirencester,  and  with  these 
the  beds  at  Oakley  are  identical.    The  shelly  bauds  in  the  'fi^d^oidi 
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sections  have,  however,  a  direct  hearing  on  the  concretionary  origin 
of  these  stones,  as  set  forth  hy  Prof.  Harker,  that  is  not  mentioned 
in  his  paper,  llie  Upper  Oxford  and  Kellaways  beds  in  the  Bedford 
sections  are  divided  hy  a  shelly  calcareous  band  in  contact  with  t 
shelly  cap  to  the  concretionary  stones.  AVhere  this  line  is  a  broken 
one,  there  is  no  development  of  concreted  rock  below,  and  bj 
gradations  the  Oxford  Clay  passes  into  silt  and  sand,  seemingly 
indicating  the  piling  up  of  the  shells  at  particular  spots  as  would 
ha[)pen  on  a  shore  exposed  to  strong  currents ;  the  subsequent 
decomposition  of  the  animals  resulting  in  the  sand  beneath  being 
concreted  into  hard  rock,  as  Prof.  Harker  says.  The  sand  seemi 
to  have  had  deep  water  over  it,  as  there  do  not  appear  to  be  any 
fossils  whatever  in  it.  On  the  other  hand,  the  concretionary  stones 
are — externally  anyway,  as  Mr.  Smith  says,  *'  congeries  of  organic 
remains." 

All  the  animals,  except  the  Belemnites,  seem  to  have  died 
young ;  Serpula,  so  conspicuous  on  other  Oolite  shells,  are  entirely 
wanting.  Inhere  are  shelly  bands  wholly  made  up  of  Belemmtei 
and  Gryphaa,  while  Ammanitea,  Aviculce,  and  other  forms  besides, 
adhere  to  the  upper  surface  of  the  doggers  in  great  profusion. 
Pieces  of  this  rock  are  more  like  Kentish  rag  than  any  other  stone 
I  know.  A  variety  of  Gryphaa  dilaiata  occurs  in  such  abundance 
and  60  like  Gryphaa  tueurva  in  the  Lias,  that  one  would  think  the 
destruction  of  theKC  beds  could  have  contributed  shells  of  Grypkaa 
to  the  Drift,  as  easily  as  the  Lias.  Although  a  hard  rock  when  dug 
at  any  depth,  the  Kellaways  becomes  rapidly  friable  and  crumbles 
on  exposure ;  and  where  these  stones  jut  out  naturally,  the  shelly 
cap  iH  usually  gone. 

There  is  an  indurated  seam  of  sandy  marl  above  the  shelly  band 
at  Oakley,  which  breaks  into  conical  lorm?,  exhibiting  the  structure 
known  as  cone- in -cone.  The  broad  surfaces  of  these  cones  are 
upwards,  ending  against  the  Oxford  Clay. 

I  Haw  no  instance  of  the  apices  pointing  towards  each  other ;  and 
the  whole  series  stand  vertical  in  the  stralification  with  the  points 
downwards,  or  to  the  bottom  of  the  seam.  It  is  difficult,  therefore, 
to  conceive  of  these  cones  being  due  to  the  upward  escape  of  gases 
— as  suggested  by  Mr.  John  Young  of  Glasgow,*  although  these 
would  be  emitted  ;  the  decay  of  the  dead  animals  being  sufficient 
to  generate  gases  in  the  deposit  whilst  the  bed  was  in  process  of 
formation. 

Tliroughout  this  seam  the  texture  of  the  stone  is  more  or  less 
fibrous,  and  in  the  phenomena  of  the  cones  the  fibres  seem  united 
into  tufts,  which  taper  downwards  and  end  in  a  point;  rather 
resembling  some  stalactitic  infiltrations. 

The  tract  of  land  occupied  by  the  outcrop  of  the  different 
Kellaways  beds,  although  of  necessity  only  a  narrow  band,  presents 
changes  in  the  character  of  the  soil  marked  enough  to  be  known  by 
distinct  local  names. 

"  Geol.  Mag.  Vol.  II.  June,  1886,  on  Cone-in- Cone  Structure.  Abstract  of 
yyeriesd  to  GeoL  Soc.  Glasgow. 


A,  C.   G.    Canicron — Kellaicai/.i  Bnis  twdr  Brdfonl.  T)!! 

The  long  narrow  sandy  piece  on  the  slopes  that  reach  the 
Bonlder-clay  (and  its  breadth  expands  in  places)  is  *  white  land,' 
einly  recognized  even  at  a  distance  in  dry  weather,  from  its  colour. 
i]^n,  the  zone  next  the  white  land,  and  between  it  and  the  stony 
(Gornbrash)  soil,  farmers  and  others  call  '*  lam  earth "  or  loam. 
Thii  is  the  horiason,  too,  in  which  the  brickfields  are  opened. 

There  is  nothing  in  these  soils,  viewed  agriculturally,  to  force  the 
{[Towth,  and  they  are  therefore  almost  useless  for  cropping ;  yet  it 
iibealthy  grazing  land,  and  cattle  do  well  on  it.  Compared  with 
otbermild  clays,  the  coldness  of  the  '*lam  earth''  or  silt  is  in  excess. 
Itisnot  nnuBual  to  find  osier  beds  attached  to  the  brickfields,  and 
willows  planted  at  particular  spots  where  any  considerable  develop- 
MDt  of  silt  occurs  ;  in  such  oases  osier  beds  thrive  on  the  hill-sides 
iqaally  well  with  those  npon  the  water-meadows. 

Mention  has  heen  made  of  a  saliferous  rock  in  Bedfordshire,  in 
the  lower  part  of  the  Oxford  Clay,  yielding  a  saline  water  con- 
taming  large  qnantities  of  salt.  It  is  doubtful  whether  the  true  seat 
of  this  water  is  in  the  Kellaways  or  in  the  underlying  Oolites.  It 
seems,  however,  certain  that  the  saltness  is  considerable  where  the 
Kellaways  is  thicker  than  usual.  At  the  same  time,  even  a  larger 
qoantity  of  chlorine  existing  in  the  form  of  common  salt  occurred 
vliere  the  water  was  obtained  from  rocks  that  underlie  the  Kellaways 
beds. 

The  great  value  of  our  salt  springs  is  for  baths,  and  therefore  the 
directors  of  an  establishment  in  the  educational  centre  from  which 
I  write,  are  to  be  congratulated  on  their  recent  discovery.  There  is 
no  reason  for  ascribing  any  unusual  thickness  to  the  Kellaways  beds 
of  Bedfordshire  ;  nor  any  serious  quantity  of  salt.  I  think  myself 
that  the  "sandy  bed  with  big  stones"  is  well  known  to  well-sinkers 
in  the  clay  districts  as  a  trustworthy  and  palatable  water-beurinuj 
stratum,  beyond  which  they  have  no  need  to  sink — that  is  for  the 
requirements  of  any  ordinary  supply. 

The  borings  at  Swindon  and  Bletchley,  as  a  search  for  water, 
Were  failures  ;  the  water  in  both  cases  being  very  salt  Far  down, 
however,  in  these  bore-holes  great  devel()i)nients  of  Kellaways  beds 
were  discovered  under  several  hundreds  of  feet  of  clay.  Concerning 
Swindon,  the  publications  in  1886  (the  boring  was  made  in  1875) 
show  the  water  to  have  come  up  from  the  Forest  Marble,  and  it  was 
near  this  horizon  that  the  water  at  Bletchley  was  found. 

Notices  of  this  boring  appeared*  in  connection  with  a  report  that 
the  borers,  after  passing  through  the  Oxford  Clay,  had  come  up(>n 
granite  or  granitic  rock. 

Pieces  of  granitic  rock  did  come,  it  appears,  from  these  depths, 
but  there  is  no  proof  that  the  whole  of  the  thickness  assigned  to 
granite  consisted  of  that  rock.  I  passed  all  the  samples  myself  as 
Kellaways  sand  and  stone.     It  has,  however,  been  suggested-  that 

»  See  Geol.  Mao.  Dec.  111.  Vol.  IV.  p.  139  (1887),  Prof.  Hull's  letter ;  Dec.  III. 
Vol  VI.  p.  356  (1889),  A.  Jukes-Browne,  On  the  Occurrence  of  Granite  in  a  Boring 
it  Bietchfey. 

'  Geol.  Mao.  Dec.  III.  Vol.  VI.  p.  360  (1889),  Granite  in  Boring  at  Bletchley, 
A.  Jokes-Browne. 
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the  Eellaways  beds  beneath  Bletchley  may  include  granitic  blocb  |' 
and  boulders  embedded  in  the  sand. 

The  hardiiebs  of  the  KeDaways  when  dug  at  any  depth  might  well 
account  for  the  incessant  pounding  and  tediousuess  in  making  thii 
boring.  Prof.  Barker  describes  the  Eellaways  stone  as  *'  obstinate," 
blunting  the  chisel  of  the  excavators,  and  resisting  any  forces  bat 
<]ynamite  and  gunpowder.  Should  other  borings  afford  no  further 
information,  Granite  in  the  Bletchley  Boring  will  remain  unique  in 
our  local  geology,  and  justly  excite  much  wonder. 

North  of  the  H  umber,  where  the  lands  bulge  out  at  Drewton-on* 
the-Wolds  and  overlook  the  Humberflat,  there  is  a  greater  thickness 
of  Eellaways  sand  than  has  been  observed  throughout  the  ceutml 
plain  of  England.  At  the  Drewton  cutting  of  the  Hull  and  Bamsley 
railway,  there  is  a  tendency  throughout  of  the  sand  to  consolidate. 
Big  boulder-like  stones  are  not,  as  before,  the  most  prominent 
feature,  being  replaced  by  blocks  of  tough  siliceous  sandstone 
weathering  out  in  planes  amongst  the  softer  beds  of  sand.  Above 
are  fossiliferous  beds  of  hard  ferruginous  sand,  giving  a  very  brown 
and  irony  look  to  this  cutting. 

From  this  point  northwards  the  rocky  character  of  these  beds  is 
maintained,  and  the  Eellaways,  if  lacking  in  the  peculiarities 
developed  in  the  south,  leave  England  with  importance  on  the 
Yorkshire  coast. 

Since  writing  the  above  paper  I  see  that  Conybeare  and  Phillips, 
in  describing  the  Lias,  state  that  ''irregular  beds  consist  of  fibrous 
limebtone  and  cement  stones  (septaria),  so  called  because  used  in 
making  Parker's  cement.  Where  the  fibres  are  not  parallel  to  each 
other,  they  often  form  that  irregular  substance  so  common  in  the 
Coal-measures,  to  which  an  organic  structure  has  often  erroneously 
been  attributed  and  termed  the  cone-in-cone  coral." ' 

Observations  on  the  Extension  of  the  Fuller's  Earth  Works, 

AT  WoBURN  Sands. 

Fuller*8-eartli  possesses  remarkable  grease-absorbing  and  cleansing 
properties,  which  places  it  foremost  amongst  the  list  of  mineral 
detergents.  The  water  thrown  out  by  this  formation  is  very  soft 
and  pure,  and  blocks  of  the  earth  have  been  placed  in  wells  to 
jiurify  the  water.  A  superior  quality  of  Fuller's-earth  is  procured 
from  the  Lower  Greensaiid  at  Apsley  Heath,  in  Bedfordshire. 

Until  lately  the  means  adopted  to  work  this  mineral  consisted 
simply  of  cylindrical  holes  in  the  sand,  called  "earth  wells,"  or 
merely  "  wells,"  dug  down  to  the  FuUer's-earth,  and  without  lining 
of  any  sort,  and  of  these  there  were  but  two. 

The  operations  now  in  progress  bid  fair,  however,  to  give  rise  to 
no  small  stir  in  the  place. 

On  the  brow  of  this  hill  are  the  offices  of  the  Fuller's-earth 
Company,  with  kilns  for  drying,  and  grinding  mills  used  in  the 
preparation  of  the  earth.  Sinking  and  shafting  and  the  laying-out 
of  underground  works  are  carried  on ;  and  the  little  waggons  with 

>  Ootlinfli  of  the  Geology  of  England  and  Wales,  p.  264  (1822). 


ilnjor-Qen,  JJtfacJtfalion — Ndturcs  JLnui/hchirc  of  Serpciitinc,     7 1 

their  loads  of  ''  earth  *'  are  gliding  up  and  down  the  Bteep  hill-siile. 
Ap&rt  from  its  being  a  source  of  wealth  and  industry  in  the 
eonntry,  this  extension  at  Wohurn  of  the  FuUer's-earth  works  is  an 
interesting  item  in  Bedfordshire  geology,  and  the  borings  will 
determine  probably  the  general  arrangement  of  this  mineral, 
Tegarding  which,  up  to  the  present  time,  no  particular  notice  has 
l)een  taken. 


TIL— Thk  Makufaotitbe  of  Serpentine  in  Nature's  Laboratory. 

A  Reply. 

By  Major-General  C.  A.  MacMahox,  F.G.S. 

PBOF.  BLAKE,  F.G.S.,  President  of  the  Geologists'  Association, 
has  been  good  enough  to  send  me  cuttings  from  his  recently 
poblished  work  "  Annals  of  British  Geology  "  containing  his  running 
oomments  on  papers  hy  me  published  during  the  period  embraced 
by  his  volume,  and  for  which  I  desire  to  tender  him  ray  best  thanks. 

I  think  it  will  be  more  courteous  on  my  part  to  ofifer  a  few  obser- 
vations by  way  of  reply  to  Prof.  Blake's  criticisms  than  to  allow 
them  to  pass  in  silence ;  but  I  must  confine  myself  to  one  paper,  by 
way  of  sample.  I  select  that  bearing  the  title  at  the  head  of  this 
oommunication  (published  in  the  Proc.  Geol.  Assoc,  vol.  xi.  p.  427), 
18  the  subject  discussed  in  it  is  of  general  interest  to  geologists. 

The  first  extract  from  the  Annals  of  British  Geology  I  select  for 
eomment  runs  as  follows : — 

''  He  then  enters  into  the  chemical  question,  and  explains  how 
carbonic  acid  will  decompose  silicates  of  magnesia  and  iron.  The 
principal  mineral  altered  being  olivine,  he  shows  that  if  from  2 
molecules  of  this  (MgFe)^  SigOg,  one  molecule  of  ferro-raagnesian 
oxide  is  removed,  MgFeO,  and  two  molecules  of  water  added,  II^O^, 
we  get  Serpentine,  H^  (MgFe)j  SijOg,  but  *  as  this  involves  «au 
increase  of  volume  some  silica  may  also  be  removed.'  This  last 
gii^rgestion  will,  of  course,  alter  the  above,  and  bring  it  into  harmony 
with  the  method  suggested  by  Roth,  as  quoted  by  Teall  (Brit. 
Petrography,  p.  106),  i.e.,  5  molecules  of  olivine=10  MgO+o  SiOj 
-(4  Mg  0+Si  0,)+4:  H,0=6  Mg  0,+4  Si  0,+4  BJd=.2  mole- 
cules of  Serpentine." 

The  sentence  "  as  this  involves  an  increase  of  volume  some  silica 
may  also  be  removed  "  is  marked  by  inverted  commas  and  professes 
to  be  a  quotation  from  my  paper.  Prof.  Blake  employs  inverte<l 
commas,  apparently,  in  order  to  convict  me  of  a  blunder  out  of  my 
own  mouth;  the  word  "also"  implying  that  some  silica  may  have 
been  removed  from  the  two  molecules  of  (MgFe)  Oj*  Si  Oj  in  addition 
to  the  molecule  of  ferro-magnesian  oxide ;  and  as  the  loss  of  this 
silica  is  not  shown  in  my  account  of  the  two  molecules  of  olivine, 
my  calculation  must  be  wrong. 

Strange  to  say,  the  passage  quoted  under  inverted  commas  does 
not  occur  in  my  paper.  Not  only  did  1  not  write  the  sentence 
given  as  a  quotation,  but  it  involves  a  serious  misrepresentation  of 
the  views  expressed  in  my  paper. 
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What  I  actually  said  is  as  follows :  **  As  the  above  change 
fyiz.  the  conversioa  of  two  molecules  of  (Mg  Fe)  Of.  SiOt  into 
H4  (Mg  Fe),  SijOg]  appears  to  involye  an  increase  of  volume,  I 
think  it  probable  that  the  passage  of  carbonated  water  through, 
olivine  results  in  the  removal  of  some  of  the  ferro-magnesian  silicate 
[viz.  Olivine']  (without  conversion  into  serpentine)  in  the  form  of 
soluble  silica  and  carbonates."  My  argument  then  was  this  :  Olivine 
is  a  silicate  of  magnesia  and  iron.  Its  conversion  into  serpentine 
involves  hydration  and  an  increase  in  volume ;  it  is  therefore  pro- 
bable that  a  portion  of  the  olivine  is  removed  without  conversion  into 
serpentine  in  the  form  of  soluble  silica  and  as  carbonates  of  iron  and 
magnesia.  My  account  therefore  (to  borrow  a  book-keeping  term) 
only  applied — and  I  thought  that  was  sufficiently  evident — to  that 
portion  of  the  olivine  that  remained  behind  and  suffered  conversion 
into  serpentine. 

Suppose  a  parent  gives  a  gold  sovereign  to  his  son  but  at  the 
same  time  takes  back  from  him  Bve  shillings  iu  silver ;  what  would 
be  said  of  his  logic  if  the  parent  subsequently  called  upon  his  son 
to  render  an  account  of  his  expenditure,  and  proceeded  on  the 
assumption  that  the  boy  had  spent  twenty  shillings  of  his  parent's 
money  on  "tuck"?  Would  not  the  boy  be  right  in  saying,  "Why, 
I  gave  you  back  five  shillings,  and  I  have  only  to  account  for 
fifteen  I "  Yet  the  parent's  position  in  my  illustration  is  Professor 
Blake's  position  with  reference  to  his  criticism  on  my  paper.  I  have 
humbly  tendered  my  account  of  the  fifteen  shillings — straight  and 
square — but  Prof.  Blake  says,  in  effect,  "That  is  all  very  fine,  but 
your  account  of  the  fifteen  shillings  must  be  wrong,  because  you 
admit  having  given  us  back  five  shillings  out  of  the  sovereign !  ** 
Those  are  not  his  words,  but  that  is  what  his  criticism  comes  to. 

In  another  part  of  his  abstract  Prof.  Blake  writes  as  follows : — 

"The  entrance  of  water  into  permeable  rocks  is  easy  to  under- 
stand, but  beyond  this,  it  finds  its  way  into  the  heart  of  the  hardest 
minerals.  The  writer  introduces  Boscov itch's  theorem,  that  molecules 
within  a  certain  distance  have  a  repellant  rather  than  an  attractive 
force,  in  order  to  show  that  there  must  be  molecular  interspaces  in 
minerals.  Since  the  alteration  of  these  minerals  begins  sometimes 
in  the  centre,  when  the  channels  through  which  chemical  constituents 
have  been  abstracted  or  introduced  are  too  small  to  be  revealed  by 
the  microscope,  he  thinks  they  must  have  come  in  by  these  invisible 
pores  [in  which  case,  why  do  they  not  alter  the  outside  as  they 
pass  by?]." 

The  objection  raised  by  Prof.  Blake  is  one  easily  met.  Now-a-days, 
when  we  can  not  only  study  thin  slices  of  rocks  under  the  miora- 
scope,  but  also  isolate  the  minerals  of  which  these  rocks  are  com- 
posed, and  subject  them  to  chemical  analysis  apart  from  the  mass 
of  the  rock,  petrologists  have  come  to  recognize  the  fact  that  a 
gradual  change,  more  or  less  pronounced,  frequently  takes  place 
in  the  chemical  constitution  of  the  uncrystallized  magma  during 
the  gradual  cooling  and  consolidation  of  an  igneous  rock.  Some 
minerals  crystallize  in  advance  of  others,  and  in  doing  so  withdraw 
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from  tbe  magma  a  lion's  share  of  some  of  the  chemical  constituents. 
It  may  he  a  selfish  thing  to  do,  hut,  in  this  sense,  some  minernls 
are  habitually  selfish.  The  usual  rule  is  that  the  more  basic  minerals 
leparate  first,  and  oonseqnently  those  last  formed  are  more  acid  than 
the  minerals  of  the  ''  first  generation." 

Owing  to  the  progressive  alteration  of  the  magma  brought  about 
from  the  above  cause,  a  gradual  change  in  the  composition  of 
ninenJs  of  slow  growth  may,  and  often  does,  take  place  in  the 
eoarae  of  their  formation ;  and  this  modification  is  marked  by 
eorreaponding  changes  in  their  physical  characters,  such  as  colour 
in  transmitted  light,  and  optical  properties.  Hence  what  is  known 
tomicroeoopio-petrologists  as  zonal  structure  is  commonly  observed 
in  the  mioerals  of  certain  rocks — a  structure  so  marked  that  it 
nmetimes  carries  with  it  a  progressive  change  in  the  angle  of 
extinction  from  tbe  centre  to  the  periphery  of  the  crystal,  indicating 
in  extreme  oases  a  change  in  the  miueral  species.  Now  where, 
II  explained  above,  the  magma  becomes  more  and  more  acid  as 
oomparatively  basic  crystals  separate  out  from  it,  the  centre  of  a 
mineral  of  slow  growth  would  be  more  basic  than  its  peripheral 
portions ;  and  the  centre  would  be  more  susceptible  to  the  attacks 
of  aqueous  agents  than  the  periphery,  because  the  more  basic  a 
nineral  is,  the  more  readily  it  succumbs,  as  a  rule,  to  ordinary 
corrosive  agents. 

Variations  from  tbe  normal  type  are  even  more  common  in  the 
mineral  than  they  are  in  the  animal  world,  and  a  very  slight 
diflference,  no  matter  from  what  cause  it  may  arise,  in  the  compo- 
lition  of  one  crystal  as  compared  with  that  of  another  of  the  same 
species,  or  in  one  part,  as  compared  with  another  part,  of  the  same 
crj'stal,  may  suffice  to  give  temporary  immunity  from  the  attack  of 
I  highly  dilute  acid.  The  corrosive  agent  makes  for  the  weak 
spot,  and  exhausts  itself  on  the  material  there  before  it  attacks  the 
less  susceptible  material  in  other  places.  Hence  we  often  see  in 
tbe  examination  of  thin  slices  of  rock  under  the  microscope,  that 
yi\\\\\ii  one  olivine  has  been  more  or  less  completely  converted  into 
serpentine,  another  by  its  side  has  been  left  untouched ;  and  whilst 
part  of  a  crystal  has  been  converted  into  the  hydrated  mineral,  the 
rest  has  successfully  resisted  conversion  into  serpentine.  Had  the 
process  not  been  arrested,  the  less  tractable  olivines  would  ultimately 
have  been  conquered. 

In  view  of  the  above  facts,  if  we  grant  that  water  can  find  its  way 
through  the  pores  of  a  mineral,  I  see  no  difficulty  in  understanding 
>*hy  the  central  portions  of  some  minerals  should  yield  to  water 
charge<l  with  carbon  dioxide,  or  other  chemical  reagents,  before  the 
peripheral  portions. 

I  have  not  alleged,  however,  in  my  paper,  that  the  central  portion 
ii  always  the  first  part  attacked.  I  wrote: — "  This  alteration  does 
not  always  begin  at  the  outside  of  a  mineral,  and  every  microscopic 
petrologist  will  be  familiar  with  cases  in  which  it  has  been  set  up 
It  the  heart,  and  in  the  internal  tissues— so  to  speak — of  a  mineral, 
iQd  when  tbe  channels  through  which  chemical  coustitueutu  UoiiVQ 
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been  abstracted,  or  bave  been  introduced,  are  too  small  to  be 
revealed  by  the  microscope."  As  a  matter  of  fact,  the  alteration 
sometimes  begins  from  the  outside.  In  cases  in  which  an  olivine 
is  perfectly  homogeneous  in  chemical  composition,  one  would  expect 
tliis  to  be  the  case — the  attack  begins  from  the  outside,  and  works 
its  way  slowly  and  gradually  into  the  interior  through  "  planes  of 
easy  solution,"  or  any  other  planes  of  weakness,  that  may  exist. 
When  there  are  actual  cracks,  the  liquid  reagent  is  not  too  proud 
to  avail  itself  of  the  aid  afforded  by  them  in  the  work  of  sapping  its 
way  into  the  heart  of  the  fortress. 

As  for  the  question  whether  water  under  pressure,  and  under  the 
conditions  that  obtain  below  the  surface  of  the  earth,  can  penetrate 
into  the  inner  pores  of  a  mineral,  I  must  refer  the  reader  to  my 
paper  under  discussion,  and  to  the  instructive  papers  by  Prof.  J.  W. 
Judd,  F.R.S.,  on  scbillerization  and  kindred  subjects.  '*  We  must 
never  forget,"  he  writes  in  one  of  his  papers,*  "  that  in  the  deep- 
seated  rocks  ....  the  whole  mass,  crystals  and  base  alike,  must  be 
permeated  by  liquids  and  gases."  Cracks  we  can  see  under  the 
microscope  readily  enough,  and  no  petrological  microscopist  is  likely 
to  ignore  their  existence  or  the  part  they  play  in  the  circulation  of 
underground  waters.  I  likened  them  in  my  paper  (p.  431)  to  the 
small  veins  and  arteries  in  the  human  body ;  but  we  want  some- 
thing in  the  mineral  world  to  correspond  with  the  minute  capillary 
pores  through  which  blood  finds  its  way  between  the  ultimate  cells 
of  which  the  animal  body  is  built  up.  We  cannot  see  the  atoms,  or 
even  the  molecules,  of  which  minerals  are  composed ;  but  we  can 
infer  the  existence  of  molecular  interspaces,  and  we  can  assure 
ourselves  of  the  fact  that  water,  under  pressure,  actually  finds  its 
way  into  these  molecular  interspaces  by  what  lawyers  would  call 
circumstantial  or  indirect  evidence.  For  instance,  when  we  find 
hydrous  minemls  occurring  in  the  interior  of  the  mineral  constituents 
of  igneous  rocks,  and  when  we  have  independent  evidence  that  these 
hydrous  minerals  are  of  secondary  origin,  we  must  admit  that  water 
worked  its  way  into  the  heart  of  the  altered  mineral  after  its  birth, 
unless  we  are  prepared  to  show  that  the  parent  crystal  originally 
contained  enough  water  to  supply  the  total  quantity  contained  in  the 
parasitical  minerals  generated  in  its  tissues,  as  well  as  all  the 
chemical  constituents  contained  in  them.  The  subject  is  too  large 
to  enter  into  here. 

Prof.  Blake  proceeds  as  follows : — "  Minute  cracks,  however,  are 
also  present,  as  is  shown  by  granite  and  greenstone  absorbing  water, 
and  containing  air,  and  the  capillary  action  is  increased  by  pressure 
and  heat  [He  seems  to  think,  however,  that  the  same  conditions 
would  facilitate  the  introduction  of  water  into  the  intra-molecular 
spaces,  since]  *heat  signifies  an  increase  in  the  force  of  repulsion 
that  keeps  apart  the  atoms  [sic']  and  molecules  of  which  these 
minerals  are  composed  '  [in  which  case,  heating  should  make  a 
compound  take  up  more  water,  but.  e,g.,  *  the  hydrate  of  sodium 
sulphate  is  more  and  more  thoroughly  converted  into  the  anhydrous 
salt  as  the  temperature  increases.'     (Fownes.)]  " 

^  Q.J.G.S.  1889,  p.  181. 
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From  Professor  Blake's  insertion  of  *'  [«ic]  "  after  atoms,  I  infer 
that  he  regards  a  molecule  as  a  homogeneous,  solid  hody  like  a 
bullet,  as  it  appears  to  our  unaided  vision ;  if  so,  his  conception 
of  the  oonBtitution  of  a  molecule  can  hardly  be  considered  *'up 
to  date,"  as  the  following  brief  extracts  from  two  well-known 
works  will  show.  "Atoms  cannot  be  divided  physically;  they  are 
retained  side  by  side,  without  touching  each  other,  being  separated 
by  distances  which  are  great  in  comparison  with  their  supposed 
dimensions.  A  group  of  two  or  more  atoms  forms  a  molecule."  * 
"  Nor  should  it  be  forgotten  that,  granting  the  fundamental  hypo- 
thesis of  the  molecular  and  atomic  theory,  and  also  granting  that 
each  atom  can  directly  interact  with  a  limited  number  of  atoms 
in  a  molecule,  we  are  obliged  to  regard  the  atoms  which  form  any 
molecule  as  performing  constant  regulated  movements,  and  not  as 
might  be  supposed  by  a  careless  or  superficial  reader  of  the  atomic 
explanation  of  isomerism,  as  in  absolutely  fixed  positions  within  the 
molecule."  ' 

According  to  modem  conceptions,  therefore,  the  atoms  which 
constitute  a  molecule  are  linked  together,  but  the  linking  is  analo- 
gous to  that  of  moons  to  a  planet,  and  of  a  planet  and  its  moons  to 
the  sun. 

The  illustration  which  Prof.  Blake  adduces,  at  the  end  of  the 
above  extract,  in  support  of  bis  objection,  seems  to  indicate  a 
fundamental  misapprehension  on  his  part  The  case  of  the  hydrate 
of  sodium  sulphate  seems  to  me  to  have  no  bearing  on  the  point  at 
issue.  In  my  paper  I  discuss  the  mode  in  which  the  hydration  of 
a  specified  silicate  is  brought  about  in  a  rock  below  the  surface  of 
the  earth  in  the  presence  of  water  under  considerable  pressure ;  and 
Prof.  Blake  opposes  the  case  of  the  dehydration  of  a  salt  by  heat 
under  ordinary  atmospheric  pressure  at  the  surface  of  the  earth, 
and  in  the  absence  of  water.  There  seems  to  me  to  be  no  analogy 
between  the  two  cases.  We  all  know  that  at  the  surface  of  the 
earth  calcium  carbonate  can  be  converted  into  lime  (CaO)  by  raising 
its  temperaturo  to  a  certain  point;  because  at  that  critical  tempera- 
ture, the  force  of  repulsion,  generated  by  the  heat,  overcomes  the  force 
of  the  attraction  between  the  calcium  oxide  and  the  carbon  dioxide, 
and  the  latter  passes  into  the  gaseous  state.  Under  plutonic  con- 
ditions, on  the  other  hand,  the  carbon  dioxide  remains  in  union  with 
calcium  oxide,  and  crystalline  calcite  is  formed. 

In  my  paper  I  was  considering  the  question  of  capillary  flow 
under  heat  and  pressure,  I  showed  that,  "  although  the  pressure 
under  which  water  is  put  in  circuluation  through  the  capillary  pores 
depends  on  the  head"  ("•43  lbs.  per  square  inch  per  foot  in  height"), 
"  the  freedom  with  which  this  water  flows  through  the  capillaries  " 
must,  with  reference  to  the  experiments  of  Poiseulle,  be  increased 
by  heat.  I  contended,  therefore,  that  if  "  the  pressure  under  which 
water  is  being  injected  into  the  pores  of  a  mineral  remained 
constant,  heat  would  facilitate  the  capillary  flow  through  those  pores 

'  Ganot*s  Elements  of  Physics,  by  Atkinson,  p.  1. 

'  PrincipJei  oi  CbemJstrjr,  by  Patteson  Muir,  p.  154,  iootiio\A« 
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by  reducing  the  resistance  to  the  passage  of  the  water."  It  is  no 
answer  to  this  contention  to  say  that  under  totally  different  con- 
ditions water  is  driven  off  from  the  hydrate  of  sodium  sulphate  by 
the  application  of  heat  Prof.  Blake  might  as  well  argue,  it  seems 
to  me,  that  marble  could  not  have  been  formed  under  plutonio 
conditions,  because,  at  the  surface  of  the  earth,  and  under  the 
pressure  of  one  atmosphere,  the  application  of  sufficient  heat  will 
result  in  the  carbon  dioxide  being  driven  away  from  calcium 
carbonate.  It  does  not  require  much  chemical  knowledge  to  know 
that  if  you  alter  the  conditions  you  may  expect  to  obtain  different 
results. 


VIII. — A  Bbply  to  Prop.  Blakb*8  Comments  on  Inferior  Oolite 

Ammonites.^ 

By  8.  S.  BucKMAN,  F  G.S. 

PROF.  BLAKE'S  book  is  a  valuable  work  of  reference ;  but  the 
criticisms  appear  to  be  both  hurried  and  inaccurate.  In  the 
notice  of  my  Monograph  the  title  is  incorrectly  given  :  there  are 
certain  other  cleiioal  errors ;  and  some  mistakes  which  a  little  more 
investigation  would  have  prevented. 

While  placing  his  comments  in  brackets,  it  is  nnfortnnato  that 
Prof.  Blake  has  not  found  some  means  to  distinguish  between 
remarks  based  upon  the  author's  words,  and  statements  of  his  own. 
This  is  especially  noticeable  in  the  **  critical  digest "  of  Haugia, 
where  remarks,  which  appear  as  if  they  originated  with  Prof.  Blake, 
are  really  my  statements  in  another  form. 

Some  of  Prof.  Blake's  principal  comments  invite  reply.  For  the 
sake  of  brevity  I  will  place  them  in  italics  between  inverted  commas. 

"  The  meaning  of  species  and  genera  ,  ,  ,  ,  is  of  the  most  restricted 
hind  ,  .  .  their  distinctions  arbitrary"  As  to  the  species,  the  charge 
does  not  seem  to  be  sustained  in  the  part  reviewed ;  for  out  of 
twenty-seven  species  described  I  am  only  answerable  for  five.  I 
have  also  combined  as  one  species  forms  which  a  German  author 
regarded  as  three ;  and  in  other  cases  I  appear  not  to  have  made 
enough  species  to  please  my  critic. 

The  genera  are  restricted  I  own ;  it  is  part  of  the  plan  of  the 
work.  I  regard  species  as  various  developmental  gradations.  I  look 
upon  genera  as  groups  of  species  in  more  or  less  direct  genetic 
connexion,  possessing  certain  features  in  common.  Since  species 
in  direct  genetic  connexion — and  therefore  genei*a — arose  one  from 
another  by  the  accumulation  of  successive  slight  modifications  trans- 
mitted in  accordance  with  the  law  of  earlier  inheritance,  the 
distinctions  between  species  or  genera  in  direct  genetic  connexion 
must  be  arbitrary  at  certain  points.  I  have  always  admitted  this; 
but  between  the  homoplastic  developments  which  result  from  the 
operation  of  similar  economic  laws  on  the  heterogeneous  descendants 
of  a  remote  common  ancestor,  the  distinctions  are  not  really  arbitrary, 

^  The  Annals  of  British  Geology,  by  J.  F.  Blake,  M.A.,  F.G.S.,  p.  308,  I89I. 
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though  they  may  appear  to  be  bo.  It  is  unfair  to  adversely  critioize 
gown  by  oomparing^  say,  the  senile  metamorphoses  of  different 
phylogenetio  series.  Snoh  degradational  forms  have  lost,  to  a 
eortun  extent,  tlie  special  featares  whioh  distinguished  the  acniio 
ipeeies  of  their  genera.  But  a  system  whioh  recognizes  the  true 
Uological  relations  of  these  homoplastic  forms  by  placing  them  in 
Mparate  genera  is  far  less  arbitrary  and  far  less  unnatural  than  the 
Wasgenian  system  which  Prof.  Blake  introduced  to  English  readers,' 
in  which  homoplastic  forms  were  arbitrarily  dragged  into  the  same 
gSDDS  on  aooonnt  of  similarity  of  outward  shape,  while  their  true 
genealogioal  affinities  were  completely  misunderstood.  My  efforts 
towards  a  natural  system  of  grouping  founded  on  an  interpretation 
of  Ammonite  genealogy  may  not  be  correct  at  their  first  start ;  but  I 
hope  we  may  never  return  to  so  unnatural  a  grouping  as  was 
expressed  by  Aegocera$,  Arielites,  and  particularly  Amaltheug, 
"jEF.  oecidenialia  ha$  no  tubercles,  [and  therefore  $hotdd  belong  to 
QMoiher  group].*'  Why?  No  new  feature  is  introduced.  Ihere 
are  no  tubercles  in  senile  "  variahiltB,^'  or  in  adult  '^jugosa,*^  and 
none  in  "  oeeidentalig  "  at  any  stage.  It  is  an  illustration  of  the  law 
of  earlier  inheritance.  Had  this  loss  of  a  feature  been  accompanied 
by  the  appearance  of  some  new  character,  I  should  have  been  inclined 
to  erect  a  new  genus ;  but  in  a  simple  case  of  decadence  like  this 
I  did  not  see  the  necessity. 

A  definition  by  Dr.  Haug  is  given,  with  which,  it  is  said,  my 
figures  do  not  agree,  as  they  show  no  fasciculed  ribs.  I  do  not  know 
if  this  be  a  case  of  my  descriptions  **  not  agreeing  with  the  author^s 
original  definition  ** ;  but  this  is  not  original — it  is  a  quotation  from 
a  letter.  I  have  pointed  out  (page  154)  that  my  figures  do  not 
bear  out  these  remarks ;  but  in  Haug's  original  definition  and  figure 
of  J7.  oecidentalis  fasciculed  ribs  are  not  noted  or  shown. 

**  H,  Eseri.  [The  author*8  figures  include  several  species^  none  of 
which  agree  with  the  type']"  What,  not  figs.  3,  and  4,  pi.  25  witJi 
Qnenstedt,  Ceph.  pi  vii.  ^g.  9  fl-6?'  Dr.  Haug  wrote  to  me,  May, 
1890,  "  Vos  H.  Eseri  de  la  pi.  25  sont  tout-£l-fait  typiques." 

The  suture-line  '*fig.  6,  pi,  35,"  is  not  normal,  the  siphonal  lobe 
being  to  one  side. 

**  G.  mactra  and  D.  Moorei "  are  degraded  forms,  and  not  fair 
samples  by  which  to  test  the  genera. 

**  G,  aalense,  vars,  a-S  [no  proof  given  that  they  are  the  same 
ipeeies'].*'  I  have  yet  to  learn  how  it  can  be  proved  that  certain 
forms  are  of  one  species  or  not. 

"  G.  subquadratum  identical "  with  Saemannij  "  differences  assigned 
not  borne  out  by  figures,"  Similar  remarks  are  made  about  other 
species  in  this  "critical  digest."  I  will  take  this  as  a  sample.  The 
differences  given  are  (in  subquadratum)  coarser,  more  reflexed  ribs, 
stronger  inner  margin,  deeper  umbilicus  more  slowly-coiled  "  (page 
202).     I  think  that  these  di£ferences  are  all  very  noticeable  in  tlie 

'  Ceph.  ;  Yorkshire  Lias,  1876. 

^  Allownnce  must  be  made  for  a  slight  discrepancy  in  the  drawing  of  the  inner 
margin  in  Quenitedt's  two  figures. 
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plate — especially  the  slower-ooiling,  if  any  one  will  measure  the 
figures  with  compasses. 

**  G,  Saemanni  [but  apparently  including  as  var.  p  another  solid-heeled 
species'],**  This  is  a  most  curious  criticism  in  face  of  the  explana- 
tion of  the  plate,  and  the  fact  that  these  forms  are  expressly  included 
in  the  hollow-carinate  section  of  the  Grammocerata,  I  wrote  to 
Prof.  Blake  asking  him  if  he  had  mistaken  the  carina  on  the  core 
(pi.  34,  Bg,  2)  for  the  true  carina.  His  reply  rather  astonished 
me — it  showed  that  he  did  not  understand  the  structure  of  a  hollow- 
carina.  He  **  thought  it  was  the  presence  of  a  keel  in  the  shell, 
but  not  on  the  cast,"  which  made  a  hollow  carina.  This  is 
certainly  not  the  case :  it  is  the  presence  of  a  partition-band  over- 
lying the  abdominal  part  of  the  cast  containing  the  siphuncle.  The 
partition-band  connects  the  inner  walls  of  the  overlying  elevated 
carina,  and  so  there  is  formed  a  hollow  triangular  tube  around  the 
periphery  of  the  Ammonite.  The  abdominal  part  of  the  core  may 
be  carinate  or  rounded — this  does  not  affect  the  structure  of  the 
hollow-carina  in  the  least.  I  fully  explained  the  structure  of  the 
hollo w-carina  in  my  Monograph,  page  81,  footnote,  and  illustrated 
its  various  phases  in  pi.  A.  In  fig.  47  of  that  plate  I  figured  a 
carinate  core  bearing  a  hollow-carina,  and  this  feature  is  to  be  very 
frequently  noted  in  the  genera  Witchellia,  and  Sonninia,  as  well  as 
in  Grammoceras. 

A  desire  not  to  occupy  too  much  space  alone  prevents  me  from 
replying  to  all  Prof.  Blake's  criticisms  ;  but  from  the  above  remarks 
1  leave  it  to  be  judged  whether  the  critic  in  an  attempt  to  correct 
the  author  has  not  himself  fallen  into  errors. 


I. — Contributions  to  the  Paljeontologt  op  Sicily. 

Thb  Cbustacka  op  the  Fusulina-limkstonb  op  the  Valley  op  the 
Sosio  KivER  in  the  Province  op  Palermo,  Sicily.  By  Prof. 
O.  G.  Gemmellaro. 

I  Crostaoei  Dei  Caloari  con  Fusulina,  dblla  Valle  del  Fiumb 

SOSIO,    NELLA    PROVINOIA    DI    PALERAIO    IN    SlOILIA.       MemoHa    di 

Gaetano  Giorgio  Gemmellaro,  Professore  di  Geologia  della  R. 
University  di  Palermo.  Memorie  delle  Society  Italiana  delle 
Scienze  fisiche  e  matematiche,  Tomo  viii.  ser.  3,  No.  1,  pp.  40, 
and  5  plates.     4to.     Naples,  1890. 

THE  author  refers  this  Fusulina-limestone  to  the  "  Permo-Carboni- 
ferous"  formation,  and  finds  in  it  the  following  fossils. — 
I.  Trilobites:  Froetus,  Steininger,  2  new  species;  Phillipsia, 
Portlock,  4  new  species,  and  of  the  "subgenera"  GriffithideSf 
Portlock,  and  Pseudophillipsiay  nov.,  one  new  species  each. 

If  Prof.  Gemmellaro  is  correct  in  his  determination  of  these  beds, 
then  these  Trilobites  are  younger  than  any  hitherto  discova-ed,  and 
later  than  the  true  Carboniferous  in  age. 
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IL  Haoeuboits  OBUiTAOiAir.  Palaapemphtx,  gen.  nov.,  with  three 
new  species.  These  carapaces  doabtless  belong  to  some  small 
Hacmroiis  Decapod,  bat  it  is  not  easy  to  recognize  their  ancestral 
rBJationship  to  Pemphix  of  the  German  Muschelkalk.  The  rostral 
portion  of  the  carapace  is  curiously  stunted  (as  in  the  Cranganida), 
and  the  antennal  (antero«lateral)  angles  very  prominent  These 
Sicilian  forms  are  all  seen  tn  profile,  but  most  of  the  early  Garboni- 
fenras  genera  had  the  carapace,  flattened  out,  dorsally,  as  in  the 
Bryomida  of  the  Liassic  and  Oolitio  period,  and  in  the  recent 
Folfchelee. 

ILL  Bbaohtitroub  Cbustaobans.  Paraprosopon,  gen.  nov.,  with 
one  new  spedes.  This  seems  to  belong  to  the  genus  Cyclua  of 
De  Koninck,  and  closely  resembles  C.  Jonesianus,  H.  Woodward,  in 
particular  (see  Oiol.  Mao.  1870,  Vol.  VII.  Pi.  XXIII.  p.  558, 
Woodcut,  Figs.  1-2). 

IV.  Oonocardnus,  gen.  nov.,  with  3  new  species.  This  form, 
tooording  to  the  author,  has  its  nearest  ally  in  HemitrochiscuB  para» 
iMuSf  Schauroth.  It  has,  however,  very  much  of  the  form  of 
CatjoHf  Barrande,  and  reminds  one  of  the  head  in  Spharexochita, 
Bot  most  of  all  Oonoeareinua  resembles  the  coalesced  segments  of  the 
bockler-like  abdomen  of  the  female  in  the  Leucosiada  (of.  Bell,  Mon. 
Leneosiada^  Trans.  Linn.  See.  1855,  vol.  xxi.  p.  277,  pis.  xxx.-xxxii.). 

Perhaps  it  may  represent  a  part  of  an  early  Brachy urous  Decapod ; 
if  80,  it  has  an  additional  interest  for  us. 

V.  OsTBACODA.  Cypridinella,  Jones  &  Kirkby,  2  new  species ; 
Cspridellina,  J.  <fe  K.,  one  new  species ;  Cypridellay  De  Eoninck,  2  new 
species;  Cypridina,  Milne  Edwards,  2  new  species;  Philomedes, 
Lilljeborg,  1  new  species ;  Entomoconchus,  M'Coy,  1  new  species ; 
Etttamiaf  Jones,  2  new  species ;  Beyrichia,  M'Coy,  1  new  species. 
These  have  an  exceedingly  close  resemblance  to  the  true  Carbon- 
iferous species  of  Britain  and  Belgium,  and  at  first  sight  might  in 
most  instances  be  taken  for  them.  The  figured  *'  Beyrichia,**  how- 
ever, is  a  very  doubtful  specimen. 

In  bringing  together  the  members  of  this  most  interesting  local 
fauna,  and  illustrating  it  in  so  clear  and  admirable  a  manner,  the 
anther  has  done  good  service  to  Palsdontology,  and  deserves  our  best 
thanks.  H.  W.  &  T.  R.  J. 


II. — British  Plioobnb  Vertebrata. 

"The  Vertebrata  op  the  Pliocene  Deposits  op  Britain."  By 
E.  T.  Newton,  F.G.S.,  F.Z.S.  Mem.  Geol.  Surv.  United 
Kingdom,  1891,  pp.  i-xii,  1-137,  PL  I.-X. 

THKOUGH  the  generosity  of  the  author  we  have  been  favoured 
with  a  copy  of  this  valuable  Memoir,  which  forms  a  companion 
volume  to  Mr.  Newton's  well-known  work  on  "The  Vertebrata  of 
the  Forest  Bed  Series  of  Norfolk  and  Suffolk,'*  published  by  the 
Geological  Survey  in  1882.  The  Memoir  also  seems  to  have  been 
prepared  in  connexion  with  another  Survey  publication  by  Mr. 
Clement  Beid,  ''The  Pliocene  Deposits  of  Britain,"  said  to  have 
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been  issued  in  1890,  biit  of  which  we  have  not  yet  been  privileged 
to  receive  a  copy  for  review. 

The  Forest  Bed  Series  of  Norfolk  and  Suffolk  being  included  h^ 
the  Geological  Survey  among  Pliocene  Deposits,  the  new  volume 
contains  many  observations  supplementary  to  Mr.  Newton's  formei 
work  on  the  Forest  Bed  Vertebrata ;  and  one  double  plate  is  devoted 
to  the  antlers  of  Cervidae,  of  which  no  illustrations  were  previouslj 
given.  The  principal  interest  of  the  Memoir,  however,  centres  upon 
the  vertebrate  fossils  of  the  English  Crags,  which  are  carefully 
subdivided  into  horizons  in  accordance  with  Mr.  Reid*s  classification. 
"  By  far  the  larger  part  of  the  Vertebrate  remains  which  are  said  tc 
be  from  the  Ked  Crag  really  come  from  the  Nodule- bed  (Bone-bed 
of  some  authors)  which  occurs  at  its  base ;  and,  further,  a  Nodule- 
bed  with  similar  fossils  is  known  to  occur  also  under  the  Coralline 
Crag.  Many  of  the  fossils  from  the  Nodule-bed  have  been  un- 
doubtedly derived  from  the  denudation  of  Eocene  strata,  while  others 
seem  to  be  the  remani6  of  Pliocene  beds  older  than  the  Coralline 
Crag,  but  of  which  no  traces  are  known  to  occur  in  Britain.  It  has 
been  suggested  that  most  of  the  Nodule-bed  Vertebrates  have  been 
derived  from  Miocene  strata,  but  there  seems  little  evidence  to 
8npix>rt  such  an  idea.  Many  Vertebrate  remains  have  been  found 
actually  in  the  Coralline  Crag  and  Red  Crag  above  the  Nodule-bed. 
The  same  is  the  case  with  the  Norwich  Crag,  many  specimens  being 
obtained  above  the  Basement  Bed.  or  Mammal iferous  Stone-bed.'' 

Many  new  specimens  are  noticed  and  well  illustrated  in. the 
course  of  the  work,  but  the  majority  of  Mr.  Newton's  observations 
have  already  appeared  elsewhere,  and  they  are  now  presented 
merely  in  a  collected  form,  with  references  to  the  original  places 
of  publication.  These  references,  indeed,  with  those  also  to  other 
authors,  form  the  only  blemish  in  the  work  demanding  serious 
adverse  criticism.  They  are  all  placed  within  round  brackets  in 
the  text  itself,  and  render  many  pages  quite  unreadable,  except  by 
the  closest  study.  The  nominative  is  frequently  separated  from  the 
rest  of  a  phrase  by  one  and  a  half  or  two  lines.  Perhaps,  however, 
the  saving  of  the  extra  cost  of  printing  footnotes  results  in  some 
advantage,  for  the  Memoir  is  issued  to  the  public  at  the  unusuallj^ 
reasonable  price  of  four  shillings. 

It  would  be  impossible  in  the  course  of  a  brief  review  to  do  justice 
to  the  most  interesting  and  valuable  mass  of  information  concerning 
the  Pliocene  Vertebrata  now  brought  together.  It  must  thus  suffice 
to  remark  upon  a  few  striking  points.  Mr.  Newton  considers  that 
Mr.  Lydekker  is  most  probably  correct  in  referring  the  teeth  ol 
Eyana  from  the  Red  Crag  Nodule-bed  to  the  existing  H,  striata ; 
and  a  right  lower  canine  from  Felixstow  is  now  provisionally  added 
to  the  evidence  of  the  species.  Owen's  determination  of  the  common 
Wolf  from  the  Red  Crag  Nodule-bed  is  also  confirmed,  while  an 
upper  premolar  and  two  canines  are  additional  specimens  recorded. 
Cams  primigenius,  Mr.  Newton  thinks,  may  be  founded  on  a  Cetacean 
tooth.  The  occurrence  of  Cervvlns  dtcrnnoceros,  first  determined 
by  Sir  Richard  Owen  and  since  questioned  by  Dawkins  and  Lydekkerj 
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ii  DOW  admitted  from  new  evidence ;  and  the  disoovery  of  Cervut 
ikpkm  md  Cervma  eimmarmm  in  the  Foreat  Bed  is  definitely  oon- 
firmed.  Mr.  Newton  well  remarks  that  **  of  two  nncertain  names 
ft  nems  best  to  keep  the  one  which  has  been  so  long  in  ase,  rather 
thin  introdnce  another  equally  uncertain ; "  and  he  thus  describes 
the  laiger  teeth  of  pigs  from  the  Bed  Crag  as  8u$  anUiquuB^  Kaop. 
Bippttrum  is  known  only  from  the  Bed  Crag  Nodule-bed ;  and  while 
agreeing  with  Mr.  Lydekker  that  most  of  the  teeth  of  Bhinoeero$ 
from  this  horixon  may  best  be  assigned  to  12.  incinvut,  the  author 
omiiders  that  some  may  still  belong  to  B.  Sehieiermacheru  E!epka$ 
Mfkltbaalu  is  definitely  known  from  the  Bed  Crag  Nodule-bed,  but 
Eiepkag  anHquMB  has  not  been  obtained  below  the  Norwich  Crag. 
There  is  still  no  evidence  of  Ma$todon  in  the  Forest  Bed  Series. 
To  be  "  fashionable  "  Mr.  Newton  adopts  the  name  Microhu^  which 
litenuy  "  research  '*  has  lately  shown  to  be  applicable  to  the  Voles ; 
but  "iirmeola  "  is  placed  in  brackets  to  explain  what  is  meant  The 
Oetacsan  remains  from  the  Crag  are  treated  in  accordance  with 
Mr.  Lydekker's  determinations;  and  the  so-called  tooth  of  Ur$u$ 
•nremeMts  described  by  Lankester  is  ascribed  to  Squalodan.  A 
Tertebra  and  tooth  of  Chrea  gladiator  from  the  Forest  Bed  are  new, 
and  another  vertebra  from  the  same  horizon  is  referred  to  Pseudorca. 
The  fish-remains  are  very  fragmentary,  but  numerous,  and  the  de- 
Bcription  of  several  distinct  otoliths  of  Qadus  is  interesting.  One 
tooth  from  the  Coralline  Crag  is  ascribed  to  the  Wolf-fish  (Anarrhtchat 
^Nfs)  ;  and  the  occurrence  of  Thynnus  scaldiensiSf  also  in  the  Coralline 
Crag,  is  oon  firmed. 

A  tabulated  list  of  species  and  a  general  summary  conclude  the 
Memoir.  Notwithstanding  the  fragmentary  character  of  all  the 
remains,  Mr.  Newton's  most  painstaking  researches  have  invested 
this  summary  with  great  interest  and  value.  "  It  seems  from  a  oon- 
rideration  of  the  Pliocene  Yertebrata  that  the  climate  of  England 
in  the  earlier  part  of  that  period  was  decidedly  warmer  than  it  is 
at  the  present  day,  and  approached  sub-tropical  conditions ;  and  that, 
notwithstanding  minor  variations  which  may  have  subsequently 
taken  place,  the  general  tendency  was  to  become  colder,  so  that 
in  the  Forest-bed  times  the  climate  was  temperate,  with,  possibly, 
periods  of  greater  heat  and  still  greater  cold,  perhaps  partly  due 
to  continental  conditions,  which  at  length  culminated  in  the  Glacial 
or  Pleistocene  Epoch.  The  earliest  Pleistocene  deposit  recognized 
heing  the  '  Arctic  Freshwater  Bed '  of  Norfolk,  which  is  characterized 
hy  an  assemblage  of  Arctic  plants,  and  a  Spermaphilus,  and  occurs 
immediately  below  the  Boulder  Clay." 

Thk  Gcologioal  Sogiett. — The  Medals  and  Funds  to  be  given  at 
the  AnniTenaiT  Meeting  of  the  Geological  Society  on  February  19  have  been 
avtfded  as  rullow8:~The  Wollaston  Medal  to  Baron  Ferdinand  Von  Uichthofen ; 
the  Murchiflon  Medal  to  Professor  A.  II.  Green,  F.R.S. ;  and  the  Lvell  Mnlal  to 
Mr.  George  H.  Moreton.  The  balance  of  the  proceeds  of  the  WolIaAton  Fund  to 
Mr.  0.  A.  Derby  ;  that  of  the  Murchison  Fund  to  Mr.  Beeby  Thompson  ;  that 
of  the  Lyell  Fund  to  Mr.  E.  A.  Walford  and  Mr.  J.  W.  Gregory,  and  a  portion  of 
the  Barlow- Jameson  Fund  to  I^of.  C.  Mayer-Eymar. 
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IIL — On  ths  Formation  of  ths  Pbinoipal  Gboups  of  Iron-obx 
Deposits  Oocurrino  in  Norway  and  Swrdsn.  By  J.  H.  L.  Vogt. 
Transaotions  of  the  Geological  Society  in  Stockholm,  No.  138, 
Vol.  13,  Part  6,  May,  1891,  pp.  476-536,  PI.  8. 

Om  DaNNELSKN  AF  DB  YIOTIOSTB  IN  NOROK   OG  SVRRIGB  BSPRK8BK- 
TERKDE   ORUPPER    AF   JERNMALMFORSKOMSTER  AF   J.  H.  L.  YoOT. 

Geologiska  Fdreningens  i  Stockholm  F6rhandlingar,  Band  XIII. 
Maj,  1891,  B.  476. 

THE  author  of  this  valuable  comrounication  has,  in  his  work  on 
slags,  paid  special  attention  to  the  conditions  under  which  the 
silicates  and  other  minerals  are  developed  in  magmas  of  Yarying 
composition.  He  is  now  extending  the  principles  established  by  this 
kind  of  work  to  the  igneous  rocks  of  volcanic  and  plntonio  origin. 
In  the  paper  under  review  he  deals  especially  with  the  origin  of 
iron-ores  of  the  Ekersund-Taberg  type.  These  he  attributes  to 
"  magmatic  concentration  "  in  strongly  basic  eruptive  rocks ;  and  in 
discussing  the  question  of  concentration  he  necessarily  deals  with 
matters  of  general  interest  to  all  students  of  igneous  phenomena. 
Many  of  the  facts  referred  to  by  the  author  have  been  described  by 
previous  observers,  but  they  have  never  been  grouped  together  so 
as  to  illustrate  a  general  theory.  Under  these  circumstances  a 
somewhat  extended  notice  of  his  paper  appears  to  be  thoroughly 
justifiable. 

The  author  commences  by  remarking  that  oi*e-deposits  may  be 
divided  into  very  well  marked  groups  by  taking  into  consideration 
the  genetic  principle  which  has  been  shown  to  be  of  so  much  value 
for  classificatory  purposes  in  other  departments  of  natural  science; 
and,  after  a  general  review  of  the  principal  Norwegian  occurrences 
suggests  the  following  classification : — 

I.  Oree  formed  by  magmatic  concentration  in  strongly  basic  igneous  rocks. 

II.  Ores  formed  by  pneumatolytic  processes  [i.e.  a  kind  of  sabterranean  f  umarole- 
action ;  e.^.  tin-stone  deposits  of  Cornwall].^ 

III.  Ores  formed  by  sedimentation. 

IV.  Ores  formed  by  metasomatic  processes  [e.ff.  Cleveland  ironstone]. 

Y.  Ores  formed  by  deposition  of  ferrous  carbonate  and  other  minerals  in  cracks. 
In  the  consolidation  of  igneous  magmas  the  ores  and  accessory 
minerals — magnetite,  ilmenite,  hematite,  pyrite,  magnetic  pyrites, 
apatite,  zircon,  spinelle,  titanite,  perowskite,  etc. — are  first  formed. 
Tlien  follow  the  feiTo-magnesian  silicates — olivine,  mica,  pyroxene, 
amphibole — and  lastly  the  minerals  of  the  felspar  group  and  free 
quartz.  There  may  be  a  certain  amoiint  of  overlapping  in  the 
minerals  of  the  last  two  groups ;  but  in  a  general  way  the  order 
is  that  indicated  above.  Now  the  ore-deposits  with  which  the 
author  is  immediately  concerned  can  be  accounted  for  by  supposing 
that  the  chemical  compounds  of  which  they  are  composed  became 
concentrated  by  diffusion-processes  which  are  imperfectly  under- 
stood  at  present.  According  to  this  view  they  would  be  analogous 
to  the  "basic  patches'*  common  in  many  eruptive  rocks. 

'  The  remarks  in  square  brackets  are  interpolated  by  the  reyiewer.     In  what 
follows  the  author  deals  eiclusively  with  the  ores  belonging  to  the  first  group. 
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Ai  fllutntingy  in  a  general  way,  the  effeots  of  suoh  diffusion,  a 
dyke,  10  metres  wide,  ooonrring  near  Hak,  in  the  Christiania 
diitriot,  is  deaoribed*  The  centre  of  the  dyke  is  a  mioa-syenite- 
porphyry,  oonaistang  of  laige  crystals  of  orthoclase  lying  in  a  li^t 
nd,  fine-grained  ground-mass.  About  one  or  two  metres  from  the 
jnotion  &e  gEoand-masB  takes  on  a  grey  colour  due  to  increase  in 
the  magnetite.  As  the  junction  is  approached,  the  felspars  decrease 
in  HIS,  plagioolsae  takes  the  place  of  orthoclase,  and  the  ground- 
man  becomes  darker  and  more  compact  The  actual  margin  is 
formed  of  a  black  rock,  rich  in  iron,  and  containing  a  few  por- 
phjritio  crystals  of  felspar  (plagioclase)  and  mica.  Pyrite  increases 
M  the  junction  is  approached.  The  microsoope  shows  that  magnetite 
lod  biotite  are  very  abundant  in  the  marginal  rock,  which  may  be 
dMoribed  as  a  kersantite.  Chemical  analysis  establishes  the  fact 
tliat  phosphoric  acid  is  also  more  abundant  at  the  margin  than  in  the 
emtre.  The  amount  found  corresponds  to  *51  per  cent  of  apatite 
in  the  centre  and  1*44  per  cent  at  the  margin.  There  is  nothing  in 
tike  appearance  of  the  dyke  to  suggest  that  there  have  been  two 
intmrions.  The  transition  from  one  type  of  rock  to  the  other  is 
gmdiial,  and  can  only  be  accounted  for  by  supposing  that  the  magma 
became  differentiated,  before  consolidation,  by  a  concentration  at  the 
nuiTgin  of  the  chemi(»l  compounds  of  the  first  formed  constituents. 

This  case  is  so  interesting  that  we  quote  below  (1)  the  composition 
of  the  original  magma  as  reckoned  from  actual  analyses;  (2)  the 
oomposition  of  the  centre ;  and  (3)  the  composition  of  the  margin : 
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Having  illustrated  in  this  way  the  general  principles  of  magmatic 
oonoentration,  the  author  describes  in  detail  the  ilmenite-deposits 
of  the  Ekersnnd-Soggendal  district  They  are  found  in  a  region 
composed  of  plutonio  rocks  which  may  be  grouped  under  the  following 
terms : — labradorite-rock  (a  norite  extremely  poor  in  ores  and 
ferro-magnesian  constituents),  hypersthene-norite,  biotite-norite  and 
«ii8tatite-granite.  Dykes  (exclusive  of  the  ore-deposits)  traverse 
the  district.  They  may  be  classified,  in  the  order  of  their  formation, 
•B  follows : — 

I.  Ilmenite-bypenthene-Iabradorite  dykes  of  peg^atitic  character. 

n.  Norite  dykes. 

III.  Diabase  dykes,  generally  containing  olivine. 

Titanitc  is  absent  from  the  labradorite-rock  and  tlio  true  norites, 
but  is  found  in  the  enstatite-granite.  All  the  above  rocks  evidently 
belong  to  the  same  general  period.  They  are  the  products  of  the 
conRolidation  of  one  magma-basin. 

The  ilmenite-deposit  of  Storgaiigen  may  be  rep^arded  as  forming 
a  dyke  3  kilometres  long,  and  20  to  70  metres  wide.     It  consists  of 
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ilmenite,  byperethene  and  labradorite ;  and  is,  in  fact,  an  ilroenite- 
norite.  The  average  of  ilmenite  in  the  whole  dyke  is  estimated  at 
40  per  cent.  In  places  as  much  as  70  or  80  per  cent  may  be  found. 
The  dyke  is  separated  from  the  labradorite-rock  by  sharp  boundaries. 
The  same  type  of  rock  is  found  in  several  other  portions  of  the 
norite-district ;  sometimes  with  lower  and  sometimes  with  higher 
percentages  of  ilmenite.  As  a  rule  it  occurs  under  the  same  con- 
ditions as  at  Storgangen,  and  rarely  passes  over  by  gradual  stages 
into  labradorite-rock.  In  the  true  ore-deposits  (BlaQeld)  the  ilmenite 
predominates  to  such  an  extent  that  the  rock  loses  its  norite  character 
altogether,  and  consists  of  90  per  cent,  or  even  95  per  cent,  of  iron- 
ore.  It  occurs  as  dykes  from  two  to  six  metres  thick,  and  from 
one  to  two  hundred  metres  long.  Sharp  fragments  of  the  labradorite- 
rock  occur  as  inclusions  in  the  mass  of  the  ore,  thus  proving  con- 
clusively that  the  veins  are  of  later  date  than  the  surrounding  rocks. 
Transitions  may  be  observed  between  the  ore-deposits  and  the 
pegmatitic  dykes  above  referred  to.  The  author  gives  several 
analyses  of  the  ore,  one  of  which  we  quote. 
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A  certain  amount  of  magnesia  is  always  found.  This  accordi 
with  the  view  that  the  formation  of  a  magma,  extremely  rich  in 
maguesta,  is  an  intermediate  stage  in  the  formation  of  iron-ores  by 
the  process  of  concentration.  The  dykes  of  olivine-diabase  and 
norite  cut  the  ore-deposits. 

Apatite  is  lowest  in  the  labradorite-rock,  somewhat  more  abundant 
in  the  ilmenite-norite  (*0d  per  cent.),  and  reaches  its  maximum 
(5  per  cent.)  in  the  dykes  of  norite  and  olivine-diabase. 

The  ore-deposits  of  Taberg,  in  Sni aland  (Sweden),  described  by 
Sjogren  and  Tomebohm,  consist  of  titano-magnetite  with  olivine, 
traces  of  biotite,  and  a  strongly  basic  felspar.  ITie  last- mentioned 
constituents  are  entirely  absent  from  the  richest  ores.  The  mode  of 
occurrence  is  different  from  that  of  Ekersund.  The  ore  in  this  case 
is  found  in  the  centre  of  a  mass  of  olivine-hyperite  into  which  it  passes 
by  insensible  gradations.  The  area  occupied  by  the  olivine-hyperite 
and  the  magnetite-olivinite  (ore-deposit)  is  elliptical  in  form,  and 
measures  about  one  mile,  by  rather  less  than  one-third  of  a  mile. 
Similar  rocks  occur  in  other  localities  in  Sweden  and  Dr.  Wadsworth 
has  shown  that  the  ore  of  Rhode  Island  is  of  the  same  character. 

That  ore-deposits  of  the  above  type  are  the  result  of  concentration 
in  plutonic  magmas  is  indicated  by  the  following  facts : — 

(1)  The  different  ores  stand  petrographically  related  to  the  surroanding  rockf 
[e.jf.  macnietite-olivinite  to  olivine-hyperite  and  ilmenite-norite  to  labradorite  rock}. 

(2)  The  ore  in  many  cases  passes  gradually  into  the  surrounding  rock. 

(3)  In  no  case  is  there  any  evidence  of  the  introduction  of  material  hj  solutions  or 
pneumatolytic  processes.  1  ne  segregations  are  characterized  by  the  nunerals  of  the 
MUTOundiDg  rocks,  and  by  these  alone. 


Bimew9^-J.  H.  L.  VogVn  Formation  of  Lvn  Ores.       85 

Hie  author  next  prooeeds  to  oonsider  the  main  facts  relating  to 
eonoentration  without  leferenoe  to  the  caiiseR  which  may  have  pro- 
dnoed  it,  or  to  the  ohemioal  and  physical  conditions  ander  which  it 
iu  taken  plaoe.  The  iron  oxides  (ilmenite  and  titano-niagnetite), 
vhksh  are  the  first  minerals  to  form,  are  those  which  are  mo6t 
itnmgly  oonoentrated.  The  ferro-magnesian  compounds  have  also 
htm  oonoentrated,  hut  not  to  the  same  extent. 

The  original  magma  of  the  lahradorite  rock  of  the  Ekersnnd  dis- 
triot  may  be  auppoeed  to  have  consisted  of  2  parts  ilmenite,  4  parts 
hypenthene  and  94  parts  lahradorite ;  at  a  later  stage  of  6  II.  +  8 
Hjp.  +  86  La. ;  later  still  of  18 II.  +  16  Hyp.  +  66  La. ;  again  later 
of  40  n.  +  85  Hyp.  +  25  La. ;  and  lastly  of  from  80  to  95  or  even 
99^0  of  ilmenite,  the  remainder  being  hypersthene  and  lahradorite. 
Bimifar  phenomena  are  illustrated  at  Taberg  and  in  the  dyke  at  Hnk. 

Titanio  add  is  concentrated  along  with  the  iron  oxides  and  enters 
into  composition  with  them  in  the  case  of  the  segregations  in  basic 
ernptiTes.  It  is  interesting  to  notice  that  in  the  Ekersund  deposits 
the  ore  is  ilmenite  (RTiOguFeiOs  whence  R  =  Mg,  Fe,  Mn),  which 
may  be  regarded  as  formed  in  part  of  a  metatitanate ;  in  the 
more  strongly  basic  rocks  of  Taberg  it  is  titano-magnetite  (Fe,  TiO^ 
iiFe,04),  which  contains  an  ortho-titanate.  In  the  former  case  the 
associated  ferro-magnesian  silicate  is  hypersthene,  a  metasilicate, 
and  in  the  latter  case  it  is  olivine,  an  ortbosilicate.  In  more  acid 
magmas  the  titanic  acid  determines  the  formation  of  sphene,  and  the 
iron-ores  if  present  are  comparatively  free  from  this  constituent.  In 
fiacts  of  this  kind  we  see  the  influence  of  mass  in  modifying  the 
chemical  affinities. 

Chrome-oxide,  if  present,  is  concentrated  along  with  the  basic 
minerals.  The  ilmenite  of  Ekersund  contains  chromium,  and  a  little 
chrome-spinelle  is  found  in  the  ilmenite-norite.  Manganese  is  con- 
centrated, but  not  to  the  same  extent  as  iron. 

Phosphoric  acid  may  be  concentrated ;  but  not  according  to  the 
tame  laws  as  iron,  for  it  is  more  abundant  in  the  dykes  of  diabase 
and  norite  than  in  the  ore-deposits. 

The  position  in  the  ernptive  mass  in  which  the  rocks  formed  by 
concentration-processes  are  to  be  found  is  not  the  same  in  all  cases. 
In  the  case  of  the  dyke  at  Huk  the  basic  parts  form  the  margins ; 
in  the  Taberg  district  the  ore  occupies  a  central  position  in  the 
area  formed  of  eruptive  rocks ;  in  the  Ekersund  occurrences  it 
forms  dyke-like  masses  which  are  sharply  separated  from  the 
country  rock. 

The  ooucluding  part  of  the  paper  is  occupied  by  a  discussion  of 
the  processes  by  which  concentration  may  have  been  brought  about. 
Three  ways  are  possible: — 1.  The  minerals  may  be  formed  and 
mechanically  collected  in  certain  parts  of  the  mother  liquor.  2.  The 
minerals  may  be  formed  and  again  dissolved  in  some  other  locality, 
thus  producing  a  basic  magma.  3.  Concentration  may  take  place 
by  molecular  diflfusion  without  the  actual  separation  of  minerals. 

The  author  considers  that  the  first  two  methods  have  not  been 
concerned  in  the  production  of  the  concentration  which  has  given 
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rise  to  tbe  Ekersund  deposits,  for  mioroscopic  examination  shows 
that  the  minerals  have  been  developed  in  sitt^ — not  mechanically 
collected — and  there  are  no  corroded  grains  such  as  might  be 
expected  if  the  second  cause  had  operated.  We  are  therefore  limited 
to  the  third  method. 

The  homogeneity  of  a  solution  may  be  destroyed  by  temperatnre- 
differences  and  by  gravity.  The  influence  of  the  former  has  been 
experimentally  established  by  Soret,  and  follows  as  a  necessary 
consequence  of  Van  't  Hoff*s  theorem  that  osmotic  pressure  in  the 
case  of  dilute  solutions  obeys  the  laws  of  gaseous  pressure.  The 
influence  of  the  latter  has  been  deduced  experimentally  by  Gk)uy 
and  Chaperon  from  the  laws  of  thermo-dynamics.  Where  solutions 
become  heavier  by  concentration,  the  lower  part  will  be  more 
concentrated  than  the  upper  part  The  difference  is  slight,  and  can 
only  be  recognized  with  difficulty  when  a  tube  100  metres  high  is 
used.  The  specific  gravity  of  a  molten  magma  will  increase  with  an 
increase  in  the  number  of  molecules  of  magnetite,  ilmenite,  magnesia- 
iron-silicates,  pyrite,  eta  Hence  these  molecules  will,  according  to 
the  law  of  Gouy  and  Chaperon,  be  more  abundant  in  the  lower  than 
in  the  upper  portion  of  a  magma-basin. 

Differences  of  temperature  operating  according  to  what  the 
reviewer  has  elsewhere  termed  Soret^s  principle  will  cause  the 
same  molecules  to  accumulate  in  the  colder  portions  of  the  same 
magma- basin. 

Another  cause  which  is  believed  by  the  author  to  be  effective  in 
aiding  concentration  is  magnetic  attraction.  The  different  iron- 
compounds  when  dissolved  in  silicate  magmas  are,  doubtless,  para- 
magnetic. Under  the  influence  of  the  earth^s  metgnetism  the 
molecules  may  become  orientated ;  but,  so  long  as  they  are 
uniformly  distributed  throughout  the  mass,  there  can  be  no  con- 
centration due  to  magnetic  attraction.  If,  however,  owing  to  tem- 
perature-differences, or  to  gravity,  a  local  accumulation  of  magnetic 
molecules  takes  place,  the  magnetic  attraction  may  cause  the  con- 
centration to  become  more  and  more  pronounced. 

The  dyke  at  Huk  furnishes  an  excellent  illustration  of  concen* 
tration  due  to  differences  of  temperature.  The  magma  of  the  ore- 
deposits  of  Ekersund  and  Taberg  must,  however,  have  been  formed 
by  concentration  in  the  deeper  portions  of  a  magma-basin.  A  certain 
influence  may  be  ascribed  to  gravity  acting  on  the  specificallj 
heavier  molecules;  but  it  seems  hardly  probable  that  the  important 
results  which  have  been  observed  can  be  due  to  this  action  alone 
Magnetic  attraction  operating  constantly  and  for  long  penods  may 
however,  when  taken  in  connection  with  gravity,  have  given  rise  t< 
the  necessary  amount  of  concentration. 

The  high  specific  gravity  of  the  earth  may  be  doe  to  the  oon- 
centration  of  the  heavier  molecules  in  the  central  parts,  bj  th< 
causes  above  referred  to,  during  the  earlier  stages  of  the  history  ol 
the  planet  If  so,  the  ore-deposits  under  consideration  are  the  genetic 
equivalents  of  the  originally  molten  kernel  of  the  globe. 

The  intimate  relation  between  the  ore-deposits  and  meteorites  hai 
been  especially  commented  upon  by  Wadsworth.  J.  J.  H.  T. 
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I-Dea  28.  1891.— W.  H.  Hadleston,  Esq.,  M.A.,  F.B.S.,  Yice- 
Pnodent,  in  the  Chair. — The  following  oommanioations  were  read : 

L  ''On  Part  of  the  Pelvis  of  PoZaeoaiAiis."  By  B.  Lydekker, 
Sml,  BJL,  F.O.S. 

The  specimen  deaoribed  in  this  paper  was  acquired  by  the  British 
Moseam  from  the  oolleotion  of  the  late  Mr.  Beokles,  and  is  from  the 
Weslden,  probably  of  the  Isle  of  Wight  It  is  the  central  part  of 
i  Dinoeanrian  ilinm,  with  portions  of  saoral  ribs  attached. 

The  point  of  apeoial  interest  is  a  flat  plate  of  bone,  evidently  a 
portion  of  dermal  armour,  resting  on  the  upper  border  of  the  ilium ; 
and  this  soggeeta  oomparison  of  the  specimen  with  the  dorsal  shield 
of  FoUi€amikm9  FoxiL  Such  a  comparison  shows  that  the  present 
ipeoimen  belonged  to  a  Dinosaur  closely  allied  to,  if  not  identical 
with,  P.  Foxii. 

2.  "  On  the  Gravels  on  the  South  of  the  Thames  from  Guildford 
to  Newbury.'*     By  Horace  W.  Monckton,  Esq.,  F.G.S. 

The  author  stated  that  the  greater  part  of  the  hill-g^vel  in  the 
district  referred  to  belonged  to  the  Southern  Drift  of  Prof.  Prestwich, 
and  that  the  valley-gravels  for  the  most  part  consisted  of  material 
derived  from  the  Southern  Drift.  Small  patches  of  Westleton  Shingle 
and  Glacial  Gravel  occurred  near  Beading  and  Twyford. 

He  divided  the  Southern  Drift  into  three  classes : — 

1.  Upper  Hale  type,  characterized  by  the  abundance  of  small 
qnartz  pebbles  and  the  scarcity  of  chert. 

2.  Chobham  Ridges  type,  with  abundance  both  of  small  quartz 
pebbles  and  chert. 

3.  Silchester  type ;  quartz  scarce,  and  chert  very  rare  or  altogether 
absent. 

He  described  the  localities  at  which  these  types  occurred  and  their 
limits  of  distribution,  and  then  referred  to  the  Glacial  Gravels  of  the 
Tilehurst  plateau,  which  he  believed  to  have  been  deposited  before 
the  excavation  of  the  valley  of  the  Thames  between  Reading  and 
Goring. 

The  author  then  dealt  with  the  valley -gravels,  which  he  believed 
to  be  mainly  derived  from  the  hill-gravels  of  the  immediate  neigh- 
bourhood, and  showed  how  the  various  types  of  hill-gravel  had 
contributed  materials  for  the  valley-gravels.  He  explained  that, 
with  the  possible  exception  of  the  Westleton  Shingle,  he  entirely 
rejected  the  theory  of  marine  action  in  connexion  with  the  formation 
of  these  gravels,  and  thought  that  the  Glacial  Gravels  were  probably 
for  the  most  part  due  to  floods  during  melting  of  large  quantities  of 
ice.  The  remaining  gravels,  he  believed,  had  been  spread  out  by 
water  in  valleys;  as  denudation  proceeded,  the  gravel,  by  protecting 
the  ground  upon  which  it  lay,  came  to  stand  out  as  the  capping 
of  the  plateaux  and  hills;  as  the  gravel  itself  was  denuded,  the 
materiab  were  carried  to  lower  levels,  forming  new  gravels ;  and 
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this  process  has  been  repeated  up  to  the  present  time.  He  explained 
that  Prof.  Rupert  Jones  and  Dr.  Irving  had  already  adoptt'd  tliis 
theory  in  part,  but  that  he  di£fered  from  them  in  the  entire  exclusion 
of  marine  action. 

8.  ''The  Bagshot  Beds  of  Bagshot  Heath."  By  Horace  W. 
Monckton,  Esq.,  F.G.S. 

The  author  stated  that  certain  changes  in  the  classification  of  the 
Bagshot  Beds  had  recently  been  proposed,  and  he  gave  reasons  for 
prefenring  that  at  present  in  use,  which  was  originally  proposed  by 
rrof.  Prestwioh  in  1847,  viz.  a  threefold  division  into  Upper,  Middle, 
and  Lower  Bagshot. 

He  then  argued  against  the  theory  that  the  Upper  and  Middle 
Bagshot  Beds  overlap  the  Lower  Bagshot  on  the  north-western  side 
of  the  Bagshot  district,  as  had  been  suggested  by  Dr.  A.  Irving; 
and,  dealing  with  the  various  localities  where  Upper  Bagshot  had 
been  alleged  to  exist  resting  on  Lower  Bagshot  or  on  London  Clay» 
lie  contended  that  in  every  case  the  evidence  in  favour  of  Upper 
Bagshot  age  broke  down  on  examination. 

IL— Jan.  6,  1892.— W.  H.  Hudleston,  Esq.,  M.A.,  P.R.a,  Vice- 
President,  in  the  Chair. — ^The  following  communications  were  read  :  j; 

1.  <'  On  a  new  Form  of  AgelacriniteB  (Lepidodiseus  MiUeri,  n.  sp.) 
from  the  Lower  Carboniferous  Limestone  of  Cumberland."  By  G. 
Sharman,  Esq.,  and  E.  T.  Newton,  Esq.,  F.G.S. 

Among  a  large  series  of  fossils  obtained  during  the  G^logical 
Survey  of  Cumberland  and  Northumberland,  there  are  two  which 
are  referable  to  that  remarkable  and  rare  group  of  Echinoderms,         i; 
the  Agelacrinitidas.     The  more  perfect  of  these  specimens  is  from  |  ■ 

the   Lower  Carboniferous  rocks  near  Waterhead,   on    the    River  ti; 

Irthing,  and  forms  the  subject  of  this  communication.     The  disc-  4\ 

like  fossil  is  only  about  four-tenths  of  an  inch  in  diameter,  and 
scarcely  rises  above  the  shell  to  which  it  is  attached ;  nevertheless,  it 
is  so  well  preserved  as  to  allow  much  of  its  structure  to  be  studied. 
It  is  referred  to  the  genus  Lepidodiscus,  and  is  seemingly  closely  V 

related  to  L.  Lehourt^  described  by  Mr.  Percy  Staden  before  this  | 

Society  in  1879 ;  but  it  also  has  affinities  with  L.  cincinnatiensig  ^ 

and  L.  squamosus.  From  all  these,  however,  the  present  specimen 
differs  in  having  the  pyramid  in  the  middle  of  the  interradial  space, 
in  possessing  shorter  arms,  and  in  being  much  smaller.  This  fossil 
is  to  be  named  Lepidodiscus  Milleri,  after  Mr.  Hugh  Miller,  under 
whose  direction  these  fossils  were  collected  by  Mr.  J.  Rhodes. 

2.  "  The  G^eology  of  Barbados. — Part  II.  The  Oceanic  Deposits." 
By  A.  J.  Jukes-Browne,  Esq.,  B.A.,  F.G.S.,  and  Prof.  J.  B.  Harrison, 
M.A.,  F.G.S. 

The  Oceanic  deposits  rest  unconformably  on  the  Scotland  Series, 
with  which  they  contrast  strongly  in  every  respect  They  are 
divisible  into  five  portions : — 

1.  Gray  and  buff  calcareous  marls  (Foraminiferal). 

2.  Fine-gjAined  red  and  yellow  argillaceous  earths. 
^••ivAruleot  chalky  earths  (Foraminiferal). 


Geological  Society  of  London.  89 

4.  Silioeoiis  mx^  (Radiolariaii). 

6.  Calcareo-ailioeoiif  and  chalky  earths  (Foraminiferal). 

Hie  whole  aeries  is  more  calcareous  in  the  northem  than  in  the 
mthem  part  of  the  island,  and  layers  of  volcanic  dust  occur  in  it 
at  varioas  horizons.  There  is  everywhere  a  passage  from  the  more 
nlioeoiis  to  the  more  calcareous  earths. 

From  the  palaeoutological  and  lithological  evidence  the  authors 
conclude  that  the  depth  of  water  in  which  the  Oceanic  beds  were 
deposited  varied  hetween  1000  and  2500  fathoms.  The  micro- 
loopical  and  (diemical  evidence  shows  that  the  Kadiolarian  earths  are 
limilar  to  modem  Badiolarian  ooze ;  that  the  calcareo-siliceous  earths 
are  similar  to  what  is  called  by  Prof.  Haeckel  '*  mixed  Rcuiiolarian 
ooie " ;  that  some  of  the  Foraminiferal  earths  are  comparable 
to  Qlobigerina'OOZQ  from  1000  fathoms,  and  that  others  greatly 
leeemble  European  Chalk;  and,  finally,  that  the  coloured  clays 
bear  a  strong  resemblance  to  the  so-called  '<  red  clays  "  of  modern 
ooeanic  areas.  Hence  the  raised  Oceanic  deposits  of  Barbados  seem 
to  present  us  with  an  epitome  of  the  various  kinds  of  deposits  which 
are  found  on  floors  of  warm  seas  at  the  present  day.  Equivalent 
deposits  are  known  in  Trinidad  and  Jamaica ;  and  it  is  inferred  by 
the  authors  that  the  whole  Central  American  and  Caribbean  region 
was  deeply  submerged  during  the  Pliocene  period,  leaving  free  com- 
uanication  at  that  time  between  the  Atlantic  and  Pacific  Oceans. 

An  Appendix  by  Mr.  W.  Hill  treats  of  the  minute  structure  of 
the  Oceanic  earths  and  limestones  and  of  the  Foraminiferal  muds 
and  detritial  earths;  and  this  is  supplemented  by  a  Report  from 
Miss  Raisin  on  the  inorganic  material  of  certain  Barbados  rocks. 

3.  **  Archaopneuates  abruptus,  a  new  Genus  and  Species  of  Echinoid 
from  the  Oceanic  Series  in  Barbados."  By  J.  W.  Gregory,  Esq., 
B.Sc..  F.G.S. 

This  genus  belongs  to  a  group  of  Echinoidea  which  has  given 
some  trouble  to  systematists,  owing  to  the  union  of  the  characters 
of  the  orders  Cassiduloidea  and  Spatangoidea ;  the  other  genera 
belonging  to  the  group  are  Aster ostoma^  Paeudasterostomay  and 
Palaopneustea,  The  evidence  of  the  new  Echinoid  throws  light 
upon  the  affinities  of  these  genera.  The  main  points  suggested  by 
a  study  of  the  new  species  are: — (1)  the  abandonment  of  the  name 
Pseudasierostoma  as  a  synonym  of  Palceopneustes  ;  and  (2)  the  inelii- 
Bion  of  the  true  Asterostoma,  Palaopneustes,  and  Archaopneustea  in 
the  Adete  Spatangoidea,  whereby  the  Plesiospatangidee  are  left  as 
a  more  homogeneous  family,  though  bereft  of  the  chief  interest 
assigned  to  it. 

A  tabular  summary  of  the  nomenclature  of  the  group  is  given. 

The  best-known  fossil  species  of  Aateroatoma  and  Palaopneustea 
occur  in  Cuba,  in  deposits  referred  to  the  Cretaceous  owing  to  the 
resemblance  of  these  Echinoids  to  the  common  Chalk  Echinocorya 
tcutatus.  The  new  genus  includes  a  species  from  the  same  deposit, 
wliich  is  probably  of  the  same  age  as  the  Bissex  Hill  rock  from 
which  the  new  species  was  obtained ;  this  is  at  the  top  of  the  Oceanic 
Series,  and  belongs  to  the  close  of  the  great  subsidence. 
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CRYSTALLINE  SCHISTS  OF  THE  LEPONTINE  ALPS. 

Sib, — Permit  me  to  express  my  sincere  regret  to  Dr.  Stapff  for 
having  abbreviated  not  only  his  name  bat  also — what  is  v^orse — his 
life.  Uow  the  second  misconception  arose  I  cannot  tell,  but  it  is 
certainly  not  a  recent  one.  Perhaps  I  ought  also  to  apologize  for 
not  referring  to  his  papers  more  frequently,  but  the  truth  is  that  I 
have  only  seen  one  of  them,  and  that  (for  reasons  on  which  it  is  need- 
less to  enter)  I  had  but  little  opportunity  of  consulting.  For  this 
neglect  some  of  my  fellow-workers  will  probably  visit  me  with 
censure.  Be  it  so,  I  can  only  say  that  I  do  not  always  find  myself 
quoted  "  over  the  water,"  and  in  this  matter  take  as  my  maxim : 
hanc  veniam  peiimusque  damuaque  vtctaatm. 

Except  for  this,  my  only  purpose  in  writing,  is  to  excuse  myself 
from  dihcussing  at  present  Dr.  Stapff*s  friendly  and  interesting  com- 
munication. I  am  still  at  work  on  the  subject  of  that  singular 
complex  of  rocks  in  ,and  about  the  Urserenthal,  and  cannot  publish 
anything  more  till  I  have  tested  certain  hypotheses  on  the  ground. 
This  I  fear  cannot  be  done  during  the  present  summer,  since  I  an- 
ticipate that  my  steps  must  be  tume<l  in  another  direction,  and  I  aia 
not  one  of  those  fortunate  persons  who  can  undertake  a  long  journey 
at  pleasure  in  order  to  investigate  a  geological  problem. 

So  I  ask  permission  only  to  observe  : — 

(1).  That  I  do  not  deny  the  possibility  of  Jurassic  rocks  or 
Carboniferous  rocks  entering  into  the  complex  of  the  UrserenthaL 
But  I  doubt  the  occurrence  of  organisms  in  the  Altkirche  marble. 
Without  seeing  the  slides,  it  would  be  difficult  to  express  an  opinion 
on  the  nature  of  the  objects  figured  by  Dr.  Stapff  on  page  18  of 
this  volume;  the  upper  one  certainly  has  an  organic  aspect;  the 
lower  strikes  me  as  more  doubtful.  But  the  nature  of  the  objects 
is  not  the  only  thing  to  be  considered. 

(2.)  That,  if  I  am  right  in  understanding  Dr.  Stapff  to  assign  the 
Piora  schists  to  the  Carboniferous  system,  this  identification  appears 
to  me  only  an  hypothesis.  If  there  be  any  valid  evidence  in  favour 
of  ij;,  this  is  unknown  to  me,  while  I  am  aware  of  some  serious 
difficulties  in  which  we  should  be  landed  by  accepting  it. 

(3.)  ITiat,  from  what  I  know  of  crystalline  rocks  and  their  ways, 
I  venture  to  doubt  the  accuracy  of  the  identiBcation  (p.  17)  of  "rolled 
quartz  grains  {aand)  in  some  beds  of  the  Guspis  micaceous  gneiss.*' 
For  years  I  hunted  for  traces  of  an  original  clastic  structure  in 
gneisses  and  certain  associated  crystalline  schists,  longing  to  find  them, 
but  in  vain.  Again  and  again  1  have  seen  them  curiously  simulated 
here  and  there,  by  the  results  of  pressure,  and  so,  having  been  often 
taken  in  for  a  while,  I  have  become  rather  sceptical. 

T.  G.  Bonn: 


CONCHOLOGICAL  NOMENCLATURE. 
Sir, — Mr.  A.  J.  Jukes-Browne,  in  the  January  Number  of  the 
GsoLooiGAL  Magazine,  takes  objection  to  some  points  in  Concho- 
Iqgical  Nomenclature  adopted  in  the  "  Systematic  List  of  the  F.  E. 
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^iwards  Gollection  of  British  Oligooene  and  Eocene  MoUacica/'  to 

wiiich  I  b^  to  offer  the  following  remarks. 

Mr.  Jnkee-Browne  calls  attention  to  the  proposed  disuse  of  Oyiherea 

and  Triton ;  two  generic  names  which  the  reviewer  discussed  when 

noticing  my  book  in  *«  Nature "  of  October  29th,  1891.     In  a  sub- 

sequent  issue  of  the  same  Journal  (November  12th,  1891),  Baron 

Osten  Saoken  advocated  the  retention  of  Cyiherta  because  the  earlier 

Dipteroid  genus  of  the  same  name  being  a  synonym,  and  therefore 

rendered  obsolete,  could,  from  his  point  of  view,  be  retained  for 

another  gronp. 

Evidently  these  writers  have  not  consulted  the  literature  dealing 
with  the  Molluscan  genera  under  discussion,  or  they  would  have 
ascertained  that  Lamarck's  Cytherea  had  been  replaced  by  his  earlier 
Meretrtx  by  many  competent  authorities  such  as  Dr.  J.  E.  Gray  in 
1847  (Proc.  ZooL  Soc.  p.  183),  Deshayes  in  1863  (Cat.  Conohifera 
British  Museum,  p.  34),  H.  and  A.  Adams  in  1857  (Genera,  p.  423), 
and  other  specialists,  including  Dr.  Paul  Fischer,  who,  in  the  latest 
and  most  elaborate  treatise  (Manuel,  1887,  p.  1079)  on  the  MoUusca, 
folly  adopts  it. 

Concerning  the  name  of  TriUmt  we  find  that  it  has  been  used  for 
three  separate  organisms :  by  Linnaeus  for  a  Cirripede  in  1767 ;  for 
an  Amphibian  by  Laurenti  in  1768;  and  for  a  MoUusk  by  De 
Montfort  in  1810. 

Writers  on  the  Reptilia  have  ceased  to  regard  it  as  one  of  their 
genera,  because  the  LinnsBan  name  has  priority,  and  they  have  sub- 
stituted Molge  for  it,  a  genus  founded  by  Merrem  in  1820.  On 
the  same  grounds  Malacologists  also  refuse  to  acknowledge  it  (as 
exemplified  by  the  works  of  H.  and  A.  Adams,  Philippi,  Weinkauff, 
Stoliczka,  Zittel,  Dall,  eta).  Link's  Tritonium  of  1807  being  the  name 
now  generally  known  for  this  shell,  but  as  this  differs  from  Miiller's 
Tritonium  of  1776, 1  have  utilized  the  next  most  appropriate  synonym, 
and  brought  into  prominence  Schumacher's  Lampusia  of  1817. 

I  hope  this  explanation  will  serve  to  show  Mr.  Jukes-Browne  and 
others  interested  in  this  subject  that  the  rejection  of  Cyiherea  and 
Triton  as  generic  names  in  Zoology,  being  brought  about  through 
the  operation  of  the  law  of  priority,  is  now  almost  universally 
acknowledged.  R.  Bullen  Newton. 

British  MrsiuM  (Natural  Hibtort),  Cromwbll  Road, 
January  13M,  1892. 

READE'S  THEORY  OF  MOUNTAIN  BUILDING. 

Sra, — I  read  Mr.  Jukes-Browne's  criticisms  of  some  points  in  my 
"Origin  of  Mountain  Ranges***  with  interest,  and  until  I  came  to 
the  Postscript,  which,  like  a  lady's  letter,  contains  the  most  important 
part  of  the  communication,  contemplated  replying  to  them.  This 
last  paragraph  however  being  destructive  of  the  need  of  the  pre- 
ceding criticisms  puts  another  complexion  on  the  matter. 

Mr.  Jukes- Browne  must  be  aware  that  I  have  replied  to  Mr. 
I>aTison*s  ai-guments  against  the  "expansion  theory  of  Mountain 

^  Gmol.  Mao.  Jan.  1892,  p.  24. 
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evolution,*' '  and  it  appears  unreasonable  to  expect  me  to  discuss  a 

fundamental  principle  at  second  hand,  especially  with  the  inadequate 

materials  contained  in  the  Postscript.     Until  Mr.  Jukes-Browne  has 

brought  this  central  ide«  of  Mr.  Dayison*s,  which  he  adopts,  into 

harmony  with  his  own  ideas,  it  would  be  a  waste  of  my  time  to 

traverse  his  criticisms,  some  of  which  present  themselves  to  my  mind 

as  exceedingly  immature.     When  this  is  done  I  shall  be  prepared  to 

consider  his  arguments,  and  I  must  also  ask  him  to  be  good  enough 

to  restate  the  first  paragraph  on  psge  28,  as  after  re-reading  I  fail  to 

understand  it     His  quantitative  illustration  is  unfortunate  as  he 

has  only  exacted  a  tithe  of  what  he  is  entitled  to  in  my  figures:^ 

500  X  500  X  20  is  not  five  hundred  thousand,  but  five  millions. 

Park  Corner,  Blundsllsands,  T.  Mkllabd  RkaDI. 

Jan.  8,  1892. 


HERR    GEHEIMER  BERGRATH 
PROFESSOR    DR.    C.    FERDINAND    VON    ROEMER, 

FOREIGN    MEMBER.    QEOLOCICAL   SOCIETY.    LONDON. 
Born  5  Jan.  1818.     Died  14  Dec.  1891. 

C.  Ferdinand  von  Romer  was  born  at  Ililderslieim,  in  Hannover, 
in  which  kingdom  his  family  occupied  a  position  of  some  distinction, 
hiH  father  being  a  Councillor  of  the  High  Court  of  Justice,  and  his 
elder  brother,  Frederick  Adolph,  being  a  geologist  of  repute.  Until 
the  age  of  18,  Ferdinand  Rdmer  lived  at  Hildersheim  and  received 
his  early  education  in  the  Evangelical  Gymnasium  of  that  town. 
In  1836  he  removed  to  Gottingen,  where  he  studied  for  four  years, 
with  the  exception  of  a  break  of  six  months  at  Heidelberg :  he  had 
been  enrolled  as  a  student  of  the  Faculty  of  Jurisprudence,  but 
began  to  attend  lectures  in  natural  science,  and  soon  became  so 
interested  in  this  subject  as  to  entirely  abandon  his  legal  studies. 
In  184:0  he  proceeded  to  Berlin,  and  in  1842  the  University  of  that 
city  conferred  upon  him  the  degree  of  Ph.D.  in  appreciation  of  a 
paladontological  thesis,  "  De  Astartarura  genere."  Dr.  Riimer  remained 
here  for  another  three  years,  devoting  his  vacations  to  investigations 
on  the  older  rocks  of  Western  Germany.  His  main  results  upon 
this  subject  were  published  in  1844  in  "Das  rheinische  Ueber- 
gangsgebirge."  In  the  spring  of  1845  he  sailed  for  America;  he 
made  a  very  extensive  tour  through  the  States,  and  devoted  a  year 
and  a  half  to  the  study  of  the  geology  of  Texas,  and  especially 
of  the  Palaeozoic  and  Cretaceous  rocks  of  the  western  part  of  that 
State.  He  returned  to  Europe  in  November,  1847,  and  settled  at 
Bonn,  where  he  lived  till  1855  as  a  "  privat-docent,*'  but  oocupied 
mainly  in  the  elaboration  and  publication  of  the  results  of  his 
American  expedition.  The  most  important  of  these  was  his  "  Die 
Ereidebildungen  von  Texas"  (1852),  which,  with  some  smaller 
papers,  have  been  recently  described  by  Prof.  Dumble,'  the  chief  of 

1  Obol.  Mao.  June,  1891,  p.  272. 

>  £.  T.  Dttmble,  GeoL  Surr.  Texaa,  Bep.  State  Geol.  1889,  p.  xxii.    Austin,  1890. 
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ibe  new  Texan  Oeologioal  Survey,  as  affording  "  a  remarkably  oom- 
preheDaive  view  of  the  geology  of  the  State." 

In  1866  Bomer  aooepted  the  Chair  of  (Geology,  PalsBontology 
and  Mineralogy  in  the  University  of  Breslan ;  thenceforth  his  strictly 
geologioal  work  waa  mainly  devoted  to  Silesia,  his  chief  resnlts 
being  incloded  in  his  "  Gtoologie  von  Oberschlesien  "  issned  as  three 
quarto  volnmea  in  1870.  For  this  work  he  was  knighted  and 
appointed  Gtoheim  Bergrath  of  Silesia.  But  during  the  whole  of 
this  period  he  did  not  rest  in  peace  at  home :  his  travelling  instincts, 
donbtleaa  stimulated  by  his  American  experiences,  repeatedly  drove 
him  to  wider  fields :  thus  in  addition  to  tours  in  England,  Belgium, 
Poland  and  Austria,  he  visited  Sweden  (1856) ;  Norway  (1859) ; 
Bnssta  (1861) ;  Turkey  (1863) ;  and  Spain  (1864  and  1871).  In 
1859  he  was  elected  a  Foreign  Member  of  the  Gkological  Society, 
by  which  he  was  also  awarded  the  Murohison  Medal  in  1885.  The 
later  years  of  his  life  were  spent  at  Breslau,  busily  engaged  until 
the  end,  which  came  with  sad  suddenness  just  before  the  attainment 
of  the  jubilee  of  his  doctorate  ;  this  his  many  friends  and  students 
were  preparing  to  celebrate,  out  of  respect  for  his  high  character  and 
personal  popularity,  and  in  gratitude  to  his  power  as  a  teacher. 

On  turning  to  Ferdinand  von  Rdmer*s  work  in  science,  one  cannot 
bat  be  impressed  with  bis  wide  range  of  interests  and  knowledge : 
it  seems  doubtful  whether  he  will  be  longest  remembered  as  a 
geologist  or  palaeontologist.  In  the  former  department  he  has  added 
greatly  to  the  knowledge  of  the  stratigraphy  of  America  and  the 
coantries  that  he  visited ;  he  worked  at  one  time  or  another  on 
nearly  every  system  from  the  early  Palaeozoic  to  the  Pleistocene ; 
but  probably  his  work  on  the  Devonian  rocks  was  the  most 
important,  ranging  as  it  did  right  across  Europe,  from  Devonshire 
to  Constantinople.  His  palasontological  works  were  very  numerous 
and  included  papers  on  the  Sponges,  Graptolites,  Hugosa,  Ostracoda, 
Eurypterida,  Arachnid  a,  Bryozoa,  Lamellibranchiata,  Cephalopoda, 
all  classes  of  Echinodermata ;  the  Ophidia  and  Mammalia.  Many  of 
the  genera  he  added  to  scienoe  were  of  exceptional  interest,  such  as 
Stephanocrtnua  and  DorycrinuSt  while  his  discovery  of  the  pinnules 
in  Blastoids,  and  his  work  on  the  anatomy  of  CupressocrinuSf  and 
the  structure  of  Melonites,  were  important  contributions  to  morph- 
ology. His  monographs  on  the  Asteroidea  and  Crinoidea  of  Bunden- 
bach,  on  the  Blastoids,  and  on  the  fauna  of  the  Bone  Caves  of 
Ojcow,  in  Poland  (of  which  an  English  translation  was  issued  in 
1884),  and  his  ''Die  Fauna  der  silurischen  Diluvialgesohiebe  von 
Sadowitz,"  were  all  valuable  additions  to  paladontologioal  literature. 
His  "Lethaaa  Palaeozoica"  issued  between  1876  and  1880  as  the  first 
part  of  the  third  edition  of  the  ''Lethaea  Geognostioa '*  (with  the 
early  editions  of  which  he  had  been  associated)  was  a  work  of  vast 
labour  and  permanent  value.  In  later  years  Romer  also  wrote  on 
mineralogy,  issuing  papers  on  the  zinc  ores,  scheelite,  columbite,  and 
the  pseudomorphism  of  cerrusite  after  cotuiinite.  But  these  three 
subjects  did  not  exhaust  his  range  of  interests,  for  he  was  well  read 
in  literature  both  modem  and  classical,  and  his  '*  Texas,  mit  besonderer 
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Buduioht  aaf  deatsche  Aoswandemng,"  showed  his  keen  sympathy 
with  the  political  and  social  problems  of  the  time.  J.  W.  G. 

[As  a  friend  and  companion.  Dr.  Ferdinand  Boemer  was  one  of 
the  most  cheerful  and  congenial  ef  men ;  the  Editor  is  reminded  of 
a  delightful  fortnight  spent  in  his  society  in  the  Eifel,  in  1878.  His 
spirits  and  fan  never  seemed  to  become  exhaosted,  and  his  vast 
stores  of  scientific  knowledge  were  always  at  the  disposal  of  his 
companions.  His  memory  will  be  cherished  by  a  large  circle  of 
younger  men  to  whom  his  unvarying  kindness  will  always  be  re- 
called with  a  sense  of  pleasing  regret — H.  W.] 


A  MovuvKNT  TO  William  Smith,  LL.D. 

One  of  the  most  interesting  historical  collections  preserved  in  the 
British  Museum  (Natural  History)  is  the  OeologicnJ  Collection  of 
William  Smith,  LL.D.  This  was  commenced  about  the  year  1787, 
and  purchased  by  the  Trustees  in  1816,  a  supplemental  Collection 
being  added  by  Dr.  Smith  in  1818. 

It  is  remarkable  as  the  first  attempt  made  to  identify  the  various 
strata  forming  the  solid  crust  of  England  and  Wales  by  means  of 
their  fossil  remains.  There  had  been  other  and  earlier  Collections 
of  fossils,  but  to  William  Smith  is  due  the  credit  of  being  the  first 
to  show  that  each  bed  of  Chalk  or  Sandstone,  Limestone  or  Clay,  is 
marked  by  its  own  special  organisms,  and  that  these  can  be  relied 
upon  as  characteristic  of  such  stratum,  wherever  it  is  met  with,  over 
very  wide  areas  of  country. 

The  fossils  contained  in  this  Cabinet  were  gathered  together  by 
William  Smith  in  his  journeys  over  all  parts  of  England  during 
thirty  years,  whilst  occupied  in  his  bu8ines8  as  a  Land  Surveyor  cmd 
Engineer,  and  were  used  to  illustrate  his  works,  **  Strata  Identified 
by  Organized  Fossils,**  with  coloured  plates  (quarto,  1816 ;  four  parts 
only  published) ;  and  his  **  Stratigraphical  System  of  Organized 
Fossils"  (quarto,  1817). 

A  coloured  copy  of  his  large  Map,  the  first  Geological  Map  of 
England  and  Wales,  with  a  part  of  Scotland,  commenced  in  1812, 
and  published  in  1815 — size  8  feet  9  inches  by  6  feet  2  inches, 
engraved  by  John  Cary — is  exhibited  in  the  G^logical  Department 
near  his  collection. 

William  Smith  was  bom  at  Churchill,  a  village  of  Oxfordshire, 
in  1769 ;  he  was  the  son  of  a  small  farmer  and  mechanic,  but  his 
father  died  when  he  was  only  eight  years  old,  leaving  him  to  the 
care  of  his  uncle,  who  acted  as  his  guardian.  William's  uncle  did 
not  approve  of  the  boy*s  habit  of  collecting  stones  (**pundib8"= 
TerehratulcB,  and  '^  quoit-stones  "=C/y/7eua  sinuatus) ;  but  seeing  that 
his  nephew  was  studious,  he  gave  him  a  little  money  to  buy  books. 
By  means  of  these  he  taught  himself  the  rudiments  of  geometry 
and  land-surveying,  and  at  the  age  of  eighteen  he  obtained  employ- 
jueut  08  a  land  surveyor  in  Oxfordshire,  Gloucestershire,  and  other 
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jMurts,  and  bad  already  begun  carefully  and  systematically  to  collect 
foeails  and  to  obsenre  tbe  structure  of  the  rooks.  In  1793  be  was 
i^poiuted  to  survey  tbe  course  of  the  intended  Somersetshire  Coal- 
Omal,  near  Bath.  For  six  years  he  was  the  resident  engineer  of  the 
oanaly  and,  applying  bis  previously-acquired  knowledge,  be  was 
enabled  to  prove  that  tbe  strata  from  the  New  Red  Marl  (Trias) 
upwards  followed  each  other  in  a  regular  and  orderly  succession, 
eadi  bed  being  marked  by  its  own  characteristic  fossils,  and  having 
a  general  tendency  or  "  dip  "  to  the  south-east. 

To  verify  bis  theory  be  travelled  in  subsequent  years  over  the 
greater  part  of  England  and  Wales,  and  made  careful  observations  of 
the  geological  succession  of  the  rocks,  proving  also,  by  the  fossils 
obtained,  the  identity  of  the  strata  over  very  wide  areas  along  their 
outcropa. 

His  knowledge  of  fossils  advanced  even  further,  for  be  discovered 
that  those  in  niH  retained  their  sharpness,  whereas  the  same  speci- 
mens derived  from  the  drifts  or  gravel-deposits  were  usually  rounded 
and  water-worn,  and  bad  reached  their  present  site  by  subsequent 
eroeion  of  tbe  parent-rock. 

In  1799  William  Smith  circulated  in  MS.  the  order  of  succession 
of  tbe  strata  and  imbedded  organic  remains  found  in  tbe  vicinity 
of  Balk 

His  Geological  Map  of  England  and  Wales  is  dated  1815. 

On  June  1, 1816,  he  published  his  "Strata  Identified  by  Organized 
Fossils,"  with  illustrations  of  the  most  characteristic  specimens  in 
each  stratum  (4to.). 

In  1817  he  printed  "A  Stratigraphical  System  of  Organized 
Fossils,"  compiled  from  the  original  geological  collection  deposited 
in  the  BriUsb  Museum  (4to.). 

In  1819  he  published  a  reduction  of  bis  great  Oeological  Map, 
together  with  several  sections  across  England. 

These  sections  have  lately  been  presented  to  the  British  Museum  by 
Wm.  Topley,  Esq.,  F.R.S.,  F.G.S.,  and  are  exhibited  upon  the  wall 
near  Smith's  bust  in  tbe  Geological  Gallery  (No.  11),  see  Guide-Book. 

Mr.  Smith  received  the  award  of  tbe  first  WoUaston  Medal  and 
Fund  in  1831,  from  the  hands  of  Prof.  Sedgwick,  the  President  of 
tbe  Geological  Society — *'  As  a  great  original  discoverer  in  English 
geology,  and  especially  for  bis  having  been  the  first,  in  this  country, 
to  discover  and  teach  the  identification  of  strata,  and  to  determine 
their  succession  by  means  of  their  imbedded  fossils." 

In  June,  1832,  the  Government  of  H.M.  King  William  the  Fourth 
awarded  Mr.  Smith  a  pension  of  £100  a  year,  but  he  only  enjoyed 
it  for  seven  years,  as  he  died  28  August,  1839. 

In  1836  the  degree  of  LL.D.  was  conferred  upon  Mr.  Smith  by 
tbe  Provost  and  Fellows  of  Trinity  College,  Dublin. 

The  highest  compliment  paid  him  was  that  by  Sedgwick,  who 
rightly  named  him  "  the  Father  of  English  Geology." 

The  bust  above  the  case  which  contains  William  Smith's  collection 
is  a  copy  of  that  by  Chantry  surmounting  the  tablet  to  his  memory 
in  the  beautiful  antique  church  of  All  Saints,  at  Northampton,  where 
his  renmina  lie  haiied. 
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A  monntnent  hu  jiut  been  »rect^  by  the  Eari  of  Dncie,  F.R 
F.O.8.,  to  the  memor;  of  William  Smith,  at  Gbarobill,  Oxfordshi 
wber«  he  was  bom;  »  Tillage  alread;  famoai  as  tbe  birthplace 
'Warren  Hastings. 

The  monument  is  formed  of  huge  Oolitic  raggtonee  of  the  distri 
similar  to  the  Rollright  stones.  The  name  "  Oolite  "  was  giveo 
William  Smith  to  the  rocks  of  the  formation  of  which  the  bigl 
grounds  in  this  locality  are  a  part. 


It  is  a  monolith  standing  on  a  double  base.  The  lower  base 
10^  feet  square,  and  34  feet  high,  the  upper  one  is  61  feet  squa 
and  2i  feet  high.  The  monolith  stands  9  feet  hi^  above  t 
upper  hase,  and  is  about  3  feet  square.  A  marble  elab  is  insert 
in  tbe  side  facing  the  road  from  Chipping  Norton,  and  bears  tl 
inscription: — "In  Memory  of  William  Smith,  'The  Father  of  Briti 
Geology';  'Bom  at  Churchill,  March  23rd.  1769;  Died  at  Northam 
toB,  Aognat28tb,  1839.    Erected  bj  tbe  f^AolDwiw,  1691." 
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L — ^Thb  Comiston  Limestone  Series. 

Bj  J.  £.  Mabb,  M.A.,  F.R.S.,  Sec.O.S. 

(PLATE  III.) 

T  has  long  been  known  that  the  Coniston  Limestone  Series  of 
the  English  Lake  District  and  sarroanding  areas  is  separable 
into  minor  divisions.  As  a  knowledge  of  these  will  prove  useful  in 
lettling  the  question  as  to  the  exact  relation  between  the  Coniston 
Limestone  b^s  and  the  underlying  rocks,  no  apology  seems  needed 
for  giving  a  detailed  account  of  the  rocks  of  this  series. 

1%e  literature  of  the  subject  is  extensive,  but  we  fortunately 
poeieM  an  excellent  bibliography  of  works  referring  to  the  geology 
of  the  Lake  District,  in  the  appendix  supplied  by  Mr.  Whitaker  to 
the  late  Mr.  Ward's  Memoir  on  the  Geology  of  the  Northern  Half 
of  the  English  Lake  District. 

The  main  outcrop  of  the  Coniston  Limestone,  as  well  known,  is 
situated  in  a  line  running  across  the  southern  half  of  the  district 
between  Shap  Wells  and  Millom,  and  here  the  series  is  succeeded 
by  the  Stookdale  shales,  and  underlain  by  different  members  of  the 
Borrodale  Volcanic  Series.  Outlying  patches  occur  in  the  Cross 
Fell  area,  the  Sedbergh  and  Ingleton  districts,  and  probably  also  in 
the  extreme  north  of  the  Lake  region. 

§  1.  Classification  of  the  Beds. 

Leaving  out  of  consideration  the  doubtful  beds  immediately  suc- 
ceeding the  rhy elites  of  Melmerby  (cf.  Nicholson  and  Marr,  Q.J.G.S, 
Tol.  xlvii.  p.  509),  and  which  may  possibly  form  the  summit  of  the 
Llandeilo  Series,  the  strata  which  form  the  subject  of  this  communi- 
cation belong  to  the  Bala  or  Caradoc  Series,  and  representatives  of 
the  whole  of  this  period  are  probably  present  in  the  north  of 
England.     They  may  be  classified  as  follows : — 

rAshgill  Group {staurocephalui  Limestone,  5  feet. 

Co5i8TOJC       I  rApplethwaite  Beds,  100  feet. 

LiMMTONB      '  sieddAlfi  Gronn  J  Conglomerate,  10  feet. 

I  \^        Hhyolites  above. 

^Boman  Fell  Group  ...    Corona  Beds,  100  feet. 

The  figures  indicate  only  approximate  average  thicknesses.  The 
three  groups  are  readily  distinguishable  by  the  characters  of  their 
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faatias,  tbat  of  the  lowest  group  (Roman  Fell),  and  of  Ibe  higfaot 
(Aahgill),  being  quite  different  from  that  of  the  Sledd&la  ginm 
which  latter  has  yielded  the  greater  number  of  fosaila  recorded  m 
the  Ccniston  Limestone  lista  hitherto  pnbliebed,  though  a  fev 
speoies  belonging  to  the  other  two  groups  baTS  been  iaoorponted 
into  these  lists. 
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§  2.  Detailed  Deso-iplion  of  the  Sectiona.—The  fossils  of  the 
lowest  (Roman  Fell  Group)  have  hitherto  been  detected  only  in 
the  area  of  the  Cross  Fell  Inlier,  and  the  beds  containing  them 
have  been  recently  described  by  Prof.  Nicholson  and  myself  in 
the  paper  referred  to  above.  Tlie  thickness  of  the  beds  varies, 
and  is  difficult  to  measure  owing  to  the  disturbances  which  the  rooks 
have  undergone;  but  the  greatest  lliickness  probably  does  not  exceed 
two  hundred  feet.  Tlie  beds  consist  of  ashes,  ashy  shales,  and 
nodular  black  limestones,  the  latter  often  composed  almost  exclusively 
of  the  tests  of  Beyrichia.  The  table  of  fossils  appended  to  this  paper 
contains  a  list  of  the  known  forms  from  the  beds  of  tbia  group. 
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The  other  groups  are  well  di^layed  in  the  tract  of  coantrj 
toween  Shap  Wells  and  Millom,  and  I  propose  to  consider  this 
taot  first,  oommencing  at  the  east  end. 

The  most  easterly  section  has  been  lately  described  (Harker  and 
Varr,  Q.J.G.S.  toL  xlvii.  p.  272).  I  would  point  out  here  that  the 
limestone  referred  to  the  Stile  End  beds  in  that  description  may 
pouiblj  be  a  member  of  the  Roman  Fell  Group. 

A  considerable  mass  of  fossiliferous  ashy  beds  underlies  the 
•oonglomerate  near  the  Spa  Well,  and  this  mass  may  possibly  repre- 
lent  the  Stile  End  beds  (the  Yarlside  rhy elite  being  here  absent). 
The  limestone  above  the  waterfall  at  the  head  of  the  plantation 
fiieeents  lithologically  a  closer  resemblance  to  the  limestones  of  the 
Boman  Fell  Group  than  to  the  less  pure  limestones  of  the  Stile  End 
*Oroap ;  but  as  no  fossils  have  hitherto  been  recorded  therein,  the 
ipoiDt  must  remain  doubtful. 

The  lower  limestone  of  the  Wasdale  Head  section  (Q.J.G.S.  vol. 
ilvii.  p.  271)  is  however,  without  doubt,  the  representative  of  that 
-of  Stile  End,  and  lies  immediately  below  the  Yarlside  rhyolite. 

The  section  in  Stockdale  Beck  is  also  given  in  our  paper  upon  the 
Shap  granite  (p.  270).  I  would  add  a  few  words  to  the  description 
given  in  that  paper. 

The  Stile  End  Series  is,  as  represented  in  our  section,  faulted 
against  the  rock  of  the  underlying  volcanic  group.  The  evidence 
for  this  fault  we  hope  to  present  in  a  future  paper. 

Above  the  nodular  upper  surface  of  the  Yarlside  rhyolite  a  thin 
band  of  ash  is  developed  in  Stockdale  Beck. 

The  main  mass  of  the  conglomerate  above  this  consists  of 
sabangular  fragments  chiefly  of  rhyolite,  embedded  in  a  slightly 
calcareous  ashy  matrix.  The  highest  part  of  the  conglomerate 
{well  seen  in  Browgill)  differs  from  this.  It  contains  only  a  few 
pebbles  which  are  mostly  well-rounded,  embedded  in  a  tolerably 
ine  calcareous  matrix,  and  it  passes  up  into  the  limestone  of  the 
Applethwaite  Series,  and  is  only  separated  from  this  series  in  the 
present  communication  on  account  of  its  importance  as  an  easily 
^cognizable  horizon.  The  Ashgill  Group  is  faulted  out  in  Stock- 
dale,  but  is  seen  in  Browgill  below  the  zone  of  Diplograptus 
<icumnatus. 

Few  fossils  have  been  obtained  from  the  beds  of  this  section ; 
thoogh  fossils  are  abundant,  they  are  indifferently  preserved. 

Crossing  the  valley  of  Long  Sleddale,  we  find  the  Coniston  Lime- 
•tone  Series  well  seen  on  the  hills  between  that  valley  and  Kentmere, 
especially  near  the  farm  of  Stile  End. 

The  Stile  End  beds  are  here  quarried,  and  consist  of  grey -green 
calcareous  ashes,  weathering  yellow,  and  containing  abundant  fossils, 
though  these  are  badly  preserved.     We  have  identified  :  — 

Lindstrccmia  subduplicata^  M'Coy. 
Phaeops,  cf.  Eichwaldij  Schmidt. 
Orthis  vesper tiliOy  Sow. 
ealligrammay  Dalen. 

This  list,    meigre  as   it   is,  indicates  the  close  paleeontolo^vvial 
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relationship  of  the  fauna  of  this  series  to  that  of  the  OTerlying^ 
Applethwaite  Series. 

The  last  exposure  of  the  Yarlside  rhyolite  to  the  west  occurs  ort 
the  moorland  above  the  Stile  End  beds,  and  in  sections  lying  further 
west,  the  Applethwaite  and  Stile  End  beds  are  separated  only  by  th& 
conglomerate.  The  conglomerate  has  not  been  detected  in  the  Stile 
End  section,  but  the  Applethwaite  beds  consist,  as  usual,  of  ashy^ 
calcareous  shales,  with  bands  and  nodules  of  impure  limestone.  In 
the  course  of  a  small  stream  flowing  towards  Sleddale,  and  a  little^ 
below  the  watershed,  the  Staurocephalus  Limestone  is  seen  faulted 
against  the  Skelgill  beds  of  the  Stockdale  Shales,  so  that  the  Ashgill 
Shales  are  here  cut  out. 

Many  exposures  of  the  Coniston  Limestone  Series  are  seen  in  the 
small  valley  running  from  the  Oarboum  Pass  to  Kentmere,  occupied 
by  the  stream  known  as  Hall  Qill,  and  they  contain  abundant  fossils, 
but  the  ground  is  much  faulted,  and  it  is  difficult  to  make  out  the 
subdivisions. 

On  Applethwaite  Common,  also,  the  conglomerate  has  not  been 
detected,  and  consequently  it  is  impossible  to  assert  positively  that- 
the  representatives  of  the  Stile  End  Group  are  present  The  Ash- 
gill beds  are  found  here,  but  their  relationship  to  the  Applethwaite 
series  is  not  clearly  shown.  The  beds  of  the  latter  series,  as  is  well 
known,  here  contain  abundant  fossils.  The  highest  beds  of  thia 
series  consist  here  of  fairly  pure  limestones. 

We  now  arrive  at  the  important  sections  of  the  tract  of  country 
lying  between  Troutbeck  and  Windermere,  the  principal  one  being  • 
developed  in  Skelgill  Beck  and  its  tributaries. 

Here,  again,  the  conglomerate  has  not  been  seen,  so  that,  althougk- 
the  beds  seen  in  a  quarry  north-east  of  the  *  Upper  Bridge '  over  this 
stream  strongly  resemble  the  Stile  End  Beds,  I  am  not  prepared 
to  assert  that  they  belong  to  that  series  rather  than  to  the  Apple- 
thwaite series. 

The  beds  of  the  Applethwaite  Series  consist  mainly  of  calcareous^, 
very  fossiliferous,  shales,  with  limestone  bands,  but  a  feature  is  here- 
clearly  seen,  which  probably  characterizes  also  this  series  in  the 
more  obscure  sections  to  the  east.     I  refer  to  the  existence  of  a* 
white  horny  limestone  at  the  very  summit  of  the  series.     This  is. 
seen  in  the  stream  at  the  Upper  Bridge,  and  the  Staurocephalus 
limestone  reposes  directly  upon  it.     No  fossils  have  been  extracted^ 
from  this  bed,  but  a  number  of  large  Orthocerata  are  seen  in  cross 
section  in  the  bed  of  the  beck.     Such  Orthocerata  occur  at  Keisley,. 
and  it  is  possible  that  the  Keisley  limestone,  which  contains  on  the 
whole  the  fauna  of  the  Applethwaite  Limestone,  along  with  some 
forms   which   are  not  known   to  occur  nearer  than  the  Chair  of 
Kildare,  is  the  highest  subdivision  of  the  Applethwaite  Series.    !• 
wish  to  discuss  this  point  at  some  length,  because  an  important 
physical  problem  is  connected  with  it.    A  similar  limestone  is  found 
in  Swindale  Beck  in  the  Cross  Fell  area,  and  was  referred  by  Prof. 
Nicholson  and  myself  to  the  Staurocephalus  Limestone,  on  account 
of  the  occuri-ence  of  the  fauna  of  that  limestone  in  the  associated. 
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-^salcareotis  shales.  These  shales,  however,  occur 'above  the  main 
maBS  of  the  Swindale  Limestone,  and  on  a  re-eiamination  of  oar 
iqpeoimenSy  I  am  iDclined  to  think  that  the  lower  add  uurer  part  of 
the  limestone  of  that  beck,  which  contains  large  Ot*lhacerata,  like 
those  of  Skelgill,  along  with  Illanus  Boiomanni,  may. -nave  to  be 
separated  from  the  upper  part  which  has  the  true  SidutdcephaltuB 
Limestone  fauna,  and  correlated  with  the  Keisley  Limigstbne;  (a 
similar  limestone  occurs  below  the  Stauroce'phahiA'hQdi%  of  Billy's 
Beck).  If  this  be  the  case,  the  difficulty  connected  with  the  Seisley 
Limestone  would  vanish.  It  would  occur  under  two  condition&'in. 
the  Cross  Fell  area,  first,  as  a  coarsely-crystalline  very  fossiliferoiis' 
Took ;  secondly,  as  a  homy  limestone  in  which  the  fossils  are 
mainly  destroyed.  Without  offering  here  an  explanation  of  the 
frequent  occurrence  side  by  side  of  these  two  conditions  of  a 
calcareous  deposit,  I  may  point  out  that  they  are  very  frequently 
found  in  disturbed  regions.  I  would  cite  in  our  own  country  the 
Devonian  rocks  of  the  neighbourhood  of  Torquay,  where  the  two 
"varieties  are  found  in  the  same  quarry,  also  the  ^'  Knolls  "  described 
by  Mr.  Tiddeman  (Report  International  Geological  Congress  of 
1888,  p.  .319),  which  are  found  only  amongst  the  rocks  south  of  the 
Craven  Fault,  where  there  are  evidences  of  great  disturbance,  and 
not  in  the  nearly  horizontal  rocks  to  the  north  of  the  fault. 
Abroad,  a  similar  case  occurs  in  Bohemia  in  the  Konieprus  Lime- 
stone (F.  f.  2).  This  limestone  is  generally  a  thin,  horny,  nearly 
Tinfossiliferous  limestone,  but  in  the  **  Knoll "  of  Konieprus,  and 
Mnienian,  we  find  the  two  varieties  side  by  side.  The  same  may  be 
said  of  the  Lepttena  Limestone  and  Klingkalk  of  Dalecarlia  (cf. 
Nathorst,  Aft.  ur  Fdren.  i  Stockholm  Geol.  Forhandl.  No.  93,  Bd.  vii. 
p.  559),  and  the  Devonian  Limestone  of  the  Ardennes. 

It  is  not  needful  to  discuss  the  origin  of  the  nodular  masses  of 
crystalline  limestone  in  this  place.  The  cases  cited  show  that  the 
occurrence  of  the  homy  and  crystalline  conditions  of  the  same 
limestone  in  immediate  proximity  is  a  common  event,  and  therefore, 
"Whatsoever  l)e  the  true  explanation,  there  is  nothing  anomalous  in 
referring  the  Keisley  Limestone  to  the  Appletliwaite  Group,  though, 
as  stated  in  the  discussion  on  the  paper  by  Prof.  Nicholson  and 
myself  on  the  Cross  Fell  area,  we  only  refer  the  Keisley  Limestone 
and  the  Dufton  Shales  (which  latter  contain  the  ordinary  Apple- 
thwaite  fauna)  to  the  same  subdivision  of  the  Coniston  Limestone 
Series.  If  the  suggestion  thrown  out  above  should  prove  to  be 
correct,  a  further  division  of  the  Applethwaite  Group  may  be  made 
into  a  lower  stage  characterized  by  the  ordinary  Applethwaite  fauna, 
and  an  upper  stage  characterized  by  the  fauna  of  Keisley  and  the 
Chair  of  Kildare.  This  will  probably  be  finally  settled  when  the 
Irish  beds  are  re-examined,  and  in  the  meantime  I  include  the 
Keisley  fossils  and  those  of  the  other  Applethwaite  beds  in  one  list. 

The  StaurocephaluB  Limestone  of  Skelgill  is  succeeded  at  the 
TJpper  Bridge  by  the  Ashgill  Shales,  which  are  seen  in  a  very 
fossiliferous  condition  on  a  small  knoll  by  the  roadside  close  to  the 
^ridgOi    The  Stauroeephalua  Limestone  is  not  very  fossiliferous  in. 
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SkelgOl ;  bat  <la  ibe  moorland  between  this  beck  and  Nanny  Laa^ 
it  baa  yieldedVjUirge  number  of  fossils,  especiallj  CgBiideana. 

On  tbe  west- side  of  Windermere  an  important  doTelopment  of 

the  Conii^oa  Limestone  Series  is  seen  in  the  neighbourhood  of 

Sonny  il^W.     On  Limestone  Hill,  to  the  west  of  Sunny  Brow, 

a  fellVfi^A^  exposes  an  ashy  calcareous  grit  with  many  casts  of 

LindiiiHBmia,  faulted  against  the  DiwwrphograptH$  zone  of  the  Skelgill 

bMk    On  the  hill  to  the  east  of  the  road»  and  also  in  Cross  IntiUae,. 

.  i^prplal  Applethwaite  Limestone  is  seen,  with  many  corals.    Although 

^  •'.i^  conglomerate  has  not  been  detected  here,  the  character  of  tbe^ 

:* //ifi»hy  grit  leaves  little  doubt  that  we  are  here  dealing  with  the  repie* 

^  * '.  'aentative  of  the  Stile  End  Beds,  and  this  was  the  view  taken  by 

'•'*    Professors  Harkness  and  Nicholson  in  1866  (Q.J.6.S.  toL  xxiiL 

p.  482). 

On  the  high  moorland  sooth>west  of  Coniston  Lake,  the  Conistoik 
Limestone  Series  is  seen  in  numerous  exposures,  and  the  Apple* 
thwaite  Series  is  extremely  fossiliferoos.  Along  this  tract,  as  in  the 
case  of  the  Stockdale  Shales,  the  cleavage  is  much  stronger  than  ia 
the  district  already  traversed.  The  best  section  of  the  lower  part 
of  the  series  is  shown  at  High  Pike  Haw,  near  the  head  of  Appletree- 
worth  Beck,  whilst  the  upper  portion  is  excellently  displayed  in 
Ashgill  Quarry. 

At  High  Pike  Haw  the  discordance  of  strike  between  the  Coniston 
Limestone  Series  and  the  underlying  Borrodale  volcanic  rocks  is 
excellently  exhibited,  as  shown  on  the  map  of  the  Qeologioal  Survey. 
The  lowest  rock  having  the  strike  of  the  Coniston  Limestone  Series 
is  a  purple  breccia  associated  with  green  ash.  Above  this  are  bedded 
ashy  grits  and  conglomeratic  beds,  succeeded  by  a  fossil iferoua 
calcareous  ash,  strongly  resembling  the  Stile  End  Beds.  That  it  is 
actually  referable  to  these  beds  is  shown  by  the  existence  of  a 
calcareous  conglomerate  above  it,  occupying  the  same  position  as  at 
Shap  and  Stockdale.  The  conglomerate  is  succeeded  by  the  Apple- 
thwaite Beds,  which  have  a  well-marked  fine  ash  at  the  summit.  The- 
Staurocephalus  Limestone  is  not  seen  here,  though  the  Ashgill  Shales 
oome  on  above  the  Applethwaite  group. 

In  Ashgill  Quarry,  the  Staurocephalus  Limestone  is  seen  in  the 
north-west  corner,  brought  against  the  Skelgill  Beds  by  a  cross- 
fault.  The  Ashgill  Shales  form  the  main  mass  of  the  quarry,  and 
are  succeeded  by  the  Skelgill  Beds,  in  true  sequence,  at  the  top  of 
the  quarry-cliff.  The  relationship  between  the  Staurocephaln$^ 
Limestone  and  the  Ashgill  Shales  above  and  Applethwaite  Beds 
below,  is  also  seen  at  one  or  two  points  in  the  course  of  Appletree- 
worth  Beck. 

The  section  at  Millom  generally  resembles  that  at  High  Pike 
Haw.  In  Waterblean  Quarries  the  lowest  rook  seen  is  a  rhyolite  of 
the  Borrodale  Series.  Upon  it  rest  green  ashes  and  breccia,  and 
then  a  purple  breccia,  as  at  High  Pike  Haw,  but  the  fossiliferous 
Stile  End  Beds  do  not  appear  to  be  exposed  in  this  quarry,  although 
a  remarkable  development  of  beds,  apparently  referable  to  this  stage, 
qccura  in  Millom  Parjc^  north  of  £^ok  Quarry,  and  striking  so  as. 
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to  pass  under  tbe  limestone  of  that  quarry,  and  above  the  purple 
breccia  whioh  occurs  to  the  west  of  this.  These  Millom  Park  Beds 
consist  of  ashy  grits,  and  one  pure  quartzose  grit,  all  crowded  with 
fossils.  At  tbe  base  of  the  Applethwaite  Limestone,  both  at  Water- 
blean  and  in  a  small  quarry  south-west  of  Beck  Quarry,  we  find 
the  conglomerate,  consisting  of  a  calcareous  ashy  matrix,  with  the 
usual  subangular  fragments. 

In  Beck  Quarry  calcareous  shales  of  ordinary  character  yielded 
tbe  tail  of  a  Phaeops  (Chasmopa),  but  tbe  greater  part  of  this  quarry, 
and  of  Waterblean  Quarry,  is  excavated  in  a  mass  of  crystalline 
limestone,  white,  except  where  stained  pink  by  haematite,  greatly 
disturbed,  and  resembling  the  Keisley  Limestone  in  all  particulars, 
save  that  it  has  unfortunately  yielded  no  fossils  hitherto. 

On  tbe  east  side  of  the  Duddon  Estuary,  some  interesting  sections 
are  displayed  in  the  neighbourhood  of  Dalton  and  Ireleth.  The 
rooks  here  are  greatly  disturbed.  The  lowest  bods  yet  discovered 
belong  to  the  Applethwaite  Limestone  subdivision,  and  rest  some- 
times on  the  Borrodale  Beds,  as  near  Ireleth,  and  to  the  west  of 
High  Haulme,  sometimes  upon  the  Skiddaw  Slates,  as  in  the  neigh- 
bourhood of  Crag  Wood,  west  of  High  Haulme.  Near  Crag  Wood 
the  limestone  is  usually  crystalline,  as  at  Millom,  and  occurs  in  a 
series  of  remarkable  knolls,  surrounded  by  low  ground,  apparently 
occupied  by  shales.  At  the  top  of  tlie  Applethwaite  Limestone  we 
meet  with  a  rock  looking  like  a  coarse  breccia,  succeeded  by  the 
Asbgill  Group,  so  that  it  occupies  the  same  position  as  the  highest 
ash  at  High  Pike  Haw.  It  is  seen  in  many  exposures  near  High 
Haulme  Farm,  and  its  position  is  inserted  on  the  Geological  Survey 
Map.  Its  exact  nature  is  doubtful.  Normal  Ashgill  shales  are 
found  above  it,  and  are  seen  in  many  exposures  to  the  north 
of  this,  as  far  as  Ireleth.  Hero  the  interesting  section  at 
Bebecca  Hill  shows  the  Ashgill  Sliales,  containing  in  one  place 
a  thin  band  or  nodule  of  much-crushed  limestone,  succeeded  by 
a  fossiliferous  ashy  deposit  (also  mfipped  by  the  Geological  Sur- 
veyors), and  separating  tho  Ashgill  Shales  from  the  Stockdale 
Shales.  That  it  appertains  to  tho  former  is  indicated  by  the  inter- 
stratification  of  thin  bands  of  shale,  quite  indistinguishable  from  the 
ordinary  Ashgill  Shales  below.  It  would  seem,  therefore,  that  we 
have,  in  the  Lake  country,  indications  of  volcanic  activity  through- 
out the  whole  period  represented  by  the  Coniston  Limestone  Series. 
Before  leaving  this  part  of  the  district,  I  may  observe  that  the 
hmestone  of  Tottlebank,  south  of  the  foot  of  Coniston  Lake,  whioh 
has  sometimes  been  taken  to  be  a  continuation  of  the  Coniston 
Limestone  of  the  Ireleth  region,  is  really  on  a  much  higher  horizon, 
as  indicated  by  the  Geological  Survey  Map,  and  indeed  belongs  to 
the  Lower  Ludlow  beds. 

Turning  to  the  outlying  outcrops  of  the  Coniston  Limestone  Series, 
I  may  revert  to  the  Cross  Fell  area  merely  to  remark  that  the  Dufton 
Shales  are  tbe  equivalents  of  the  Sleddale  Group  as  a  whole,  and 
that  no  conglomerate  is  found  to  separate  them  into  Stile  End  and 
Applethwaite  subdivisions,  as  has  been  done  along  tho  main  owtGio^* 
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Further  details  oonoeming  the  beds  of  this  area  will  be  found  in  the 
paper  by  Professor  Nicholson  and  myself  which  has  been  alluded  to 
previously. 

The  beds  of  the  Sedbergh  District  are  generally  comparable 
with  those  of  the  Cross  Fell  inlier,  i.e.  the  Sleddale  Group  assumes 
the  facies  of  the  Dufton  Shales  more  closely  than  that  of  the  region 
around  Windermere  and  Coniston.  The  Ccdcareous  Shales  of  Sally 
.Beck  south  of  Eavenstonedale  are  closely  comparable  with  the 
Dufton  Shales  of  Cross  Fell.  The  Staurocephalus  Limestone  has 
not  yet  been  detected  in  these  regions,  though  the  Ashgill  Shales 
are  developed  in  force  ;  indeed  the  characteristic  Brachiopod  of  these 
shales — Strophomena  stVurtana,  Dav. — is  figured  in  Mr.  Davidson's 
Monograph  from  specimens  obtained  at  Fairy  Gill.  In  the  centre  of 
the  Ashgill  Shales  a  very  calcareous  grit  is  found  (cf.  Marr  and 
Nicholson,  Q.J.G.S.  vol.  xliv.  p.  700),  as  seen  at  Backside  Beck.^ 

The  rocks  of  the  Settle  district  have  been  referred  to  by  me  in 
a  paper  published  in  this  Magazine  (Dec.  III.  Yol.  IV.  p.  35),  The 
Applethwaite  Group  has  the  facies  of  the  Dufton  Shales,  though  a 
band  of  ashes  is  interstratified  with  the  calcareous  shales.  The 
Staurocephalua  Limestone  has  not  been  detected,  though  the  Ashgill 
Shales  are  seen  in  the  stream  south  of  Wharfe,  for  I  have  found 
fossils  of  this  age  in  the  beds  numbered  ''I.  Blue,  flaggy  Brachiopod 
shales,"  in  the  paper  referred  to.  Though  the  relationship  of  the 
Coniston  Limestone  Series  to  the  representatives  of  the  Stockdale 
Shales  is  perfectly  clear  in  this  neighbourhood,  the  true  relations 
of  the  former  to  the  Ingleton  Green  Slates  is  by  no  means  clear. 
We  have  seen  that  in  the  central  part  of  the  Lake  District  the 
Coniston  Limestone  rests  sometimes  on  the  Skiddaw  Slates,  and  not 
on  the  Borrodale  rocks.  Now  the  only  reason  why  the  Ingleton 
Green  Slates  have  been  referred  to  the  Borrodale  Series  is  because 
they  are  made  up  of  volcanic  detritus,  and  are  immediately  succeeded 
by  the  Coniston  Limestone  Series.  As  the  latter  fact  does  not  prove 
their  age,  we  can  only  point  to  the  occurrence  of  volcanic  detritus 
as  a  proof  of  the  correctness  of  the  correlation.  The  lithological 
resemblances,  however,  are  very  slight,  and  the  volcanic  detritus 
may  be  derived  from  rocks  of  any  age.  I  am  inclined  to  think 
that  these  Ingleton  Green  Slates  may  be  older  than  any  other  beds 
hitherto  recorded  from  the  English  Lake  District,  for  there  are 
grave  difficulties  in  the  way  of  correlating  them  with  the  Borrodale 
Yolcanio  Series. 

*  Since  writing  the  a'bove  I  have  received  the  Survey  Memoir  of  Quarter- Sheet 
97  N.W.  The  contemporaneous  volcanic  series  of  Backside  Beck  and  Wandale 
occurs  at  a  higher  horizon  than  that  of  any  of  the  contemporaneous  lavas  hitherto 
detected  in  other  parts  of  the  district,  with  the  possible  exception  of  that  running 
from^  Eentmere  to  Shap,  and  separating  the  Stile  End  Limestone  trom  the  Apple- 
thwaite  Beds.  It  seems  to  occur  high  up  in  the  Sleddale  Group,  and  it  will  be 
jremembered^  that  contemporaneous  volcanic  ashes  are  found  at  the  very  summit  of 
this  group  in  the  Coniston  area.  Mr.  Strahan  records  the  occurrence  of  a  grit  in 
the  Ashgill  Shales  on  a  position  corresponding  to  that  of  the  above-mentioned 
calcareous  grit,  both  in  Taiths  Gill  and  Birk's  Field  Gill. 

The  thickness  of  the  Ashgill  Shales  recorded  in  Fairy  Gill  is  exceptionaL 
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The  last  area  to  whioh  I  have  to  refer  is  sitaated  in  the  extreme 
north  of  the  Lake  DiRtrict  Here  a  group  of  fossiliferous  beds  has 
l)een  described  by  Professor  Nicholson  and  myself  as  ocourring  at 
DrygiU  in  the  Caldbeck  Fells  (Gkol.  Mag.  Deo.  III.  Vol.  IV.  p.  839). 
We  were  led  "  to  refer  the  Drygill  Shales  to  about  the  horizon  of  the 
Llandeilo  Liimestone,  or  to  a  slightly  higher  point  in  the  series." 
Since  then  I  have  re-examined  the  fossils,  and  believe  that  two  of 
them  were  wrongly  identified  (I  may  remark  that  I  alone  was 
responsible  for  this  error).  The  Calymene  recorded  is  more  like 
jesaria  than  «am5r0itst«,  and  I  cannot  distinguish  the  Tr%%iucleuB 
from  T.  eaneentriau.  The  other  fossils  recorded  are  normal  Garadoo 
fossils,  and  indeed,  looking  at  the  former  list  dispassionately,  one 
would  say  that  there  was  a  preponderance  of  Garadoo  forms,  so 
that  our  reference  of  the  deposits  to  the  Llandeilo  Series  was 
no  doubt  influenced  by  its  proximity  to  the  Skiddaw  Slates,  for 
we  remark  that  "  they  agree  most  nearly  with  the  Dufton  Shales  as 
regards  their  fauna"  .  •  •  •  though  "from  their  general  position 
between  the  Skiddaw  Slates  on  the  one  hand  and  the  lavas  and 
aibes  ('  Eyoott  Series ')  of  the  Caldbeck  Fells  on  the  other  hand, 
we  should  be  led  to  conclude  that  they  occupy  a  place  low  down  in 
the  latter  series."  As  we  have  elsewhere  seen  that  the  Goniston 
Limestone  is  brought  into  contact  with  the  Skiddaw  Slates,  the 
occarrence  of  Bala  fossils  near  the  Skiddaw  Slates  is  not  necessarily 
to  be  taken  as  an  indication  of  the  low  position  of  the  Drygill 
Shales,  and  looking  at  the  fossils  as  a  whole,  I  am  dis]X)8ed  to  refer 
the  Drygill  Shales  to  the  Goniston  Limestone  Series,  and  not  even 
to  the  lowest  position  of  this,  as  the  fauna  is  more  closely  comparable 
with  that  of  the  Dufton  Shales  than  with  that  of  the  underlying 
Corona  Beds. 

Another  argument  in  favour  of  the  occurrence  of  a  Goniston 
Limestone  fauna  on  the  north  side  of  the  district  is  the  existence 
of  Cyhele  near  Gockermouth.  Mr.  Etheridge  describes  under  the 
name  of  Cyhele  ovata  a  fossil  found  by  Mr.  Birkett,  at  Sandy  Beck, 
near  Wood  (of.  Memoir  by  Rev.  J.  G.  Ward,  **  Tlie  Geology  of  the 
Northern  Part  of  the  English  Lake  District,"  Appendix  A,  p.  112). 
Unfortunately,  as  I  learn  from  Mr.  Postlethwaite,  the  specimen  was 
not  found  in  situ,  but  occurred  in  a  pebble ;  still,  as  this  can  hardly 
Lave  been  brought  from  the  south  side  of  the  district,  it  probably 
indicates  the  existence  of  rocks  with  Cyhele  on  the  north  side.  Now 
this  genus  is  not  found  in  Britain  below  the  Bala  rocks,  though  it 
occurs  at  a  lower  horizon  in  Hussia  and  Sweden.  I  have  examined 
Ur.  Birkett's  specimen  (now  in  the  Keswick  Museum),  and  it  is 
very  near  to,  if  not  identical  with,  Cyhele  LoverU,  Linns.,  a  common 
Coniston  Limestone  form. 

§  3.  Results  of  the  Examination  of  the  Series, 

The  various  equivalents  of  the  Goniston  Limestone  Series  have 
heen  discussed  by  myself  and  others  in  earlier  communications,  and 
ii  is  only  necessary  here  to  give  a  general  summary  of  the  conclusions. 

In  the  description  of  the  Gross  Fell  Inlier  by  Professor  Nicholson 
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and  myself,  we  compared  the  Boman  Fell  Beds  with  ilie  Beyriehia 
Limestone  of  Scandinavia  and  the  Trenton  Limestone  of  North 
Amenca,  and  suggested  their  correspondence  with  the  Ardwell  Beds 
of  the  Girvan  area.  The  peculiar  fauna  will  probably  be  discovered 
elsewhere,  and  should  be  searched  fur  amongst  the  shales  below  the 
Bala  Limestone  of  North  Wales,  and  among  the  fossiliferous  beds  of 
Tyrone. 

The  well-known  fauna  of  the  Sleddale  Group'  has  been  so 
frequently  and  successfully  compared  with  the  similar  fauna  of  the 
Bala  Limestone,  and  its  equivalents  in  the  British  and  foreign 
Lower  PalsBozoic  areas,  that  it  is  unnecessary  to  discuss  the  identity 
in  this  place,  for  it  is  now  generally  recognized.  The  relationship 
of  the  Dufton  Shales  to  the  Trinucleus  Shales  on  the  one  hand,  and 
the  normal  Sleddale  Beds  on  the  other,  has  also  been  commented  on 
in  a  previous  communication.  The  very  abrupt  change  from  the 
Lake  District  type  of  the  Sleddale  Group  to  the  Cross  Fell  type  in 
the  short  interval  occupied  by  the  newer  beds  of  the  Eden  Valley, 
is  a  point  that  requires  notice.  I  have  already  remarked  on  the 
likeness  of  the  Keisley  Limestone  to  that  of  the  Chair  of  Kildare. 
A  re-examination  of  the  Bala  Beds  of  Kildare  and  Tyrone  is  very 
desirable,  as  several  strat {graphical  horizons  appear  to  be  represented 
there,  judging  from  the  fossils  which  have  been  obtained. 

The  equivalents  of  the  Staurocephalua  Limestone  occur  in  many 
parts  of  Britain,  as  well  as  in  Scandinavia.  Indeed,  it  is  at  first 
sight  surprising  to  find  how  constant  are  the  lithological  characters 
of  this  green  argillaceous  limestone,  when  we  remember  that  it  is 
seldom  more  than  a  few  feet  in  thickness.  It  retains  its  peculiar 
character  in  the  south  of  Scotland  (the  "Starfish-bed),  North  Wales 
(Bhiwlaa  Limestone),  Pembrokeshire  {Staurocephalua  Limestone), 
Ireland,  and  Scandinavia. 

An  examination  of  the  fauna  fully  accounts  for  this  constancy 
of  character.  Though  it  contains  many  species  common  to  the 
overlying  Ashgill  Shales,  there  is  a  marked  change  betwixt  the 
organisms  of  this  limestone  and  those  of  the  underlying  Sleddale 
Group,  and  very  few  species  Are  common  to  the  two.  Insignificant, 
therefore,  as  the  thickness  of  this  deposit  is,  the  time  taken  for  its 

'  It  may  be  remarked  that  sufficient  proof  has  not  been  offered  as  to  the  distiiict- 
ness  of  the  Stile  End  Beds  from  the  Corona  Beds  of  the  Cross  Fell  area.  The 
somewhat  meagre  list  of  Stile  End  fossils  previously  given  does  not  bring  oat  the 
marked  contrast  between  these  beds  and  those  of  the  Koman  Fell  Group.  Not  only 
is  the  peculiar  fauna  of  the  Corona  Beds  entirely  absent  from  the  Stile  End  deposit 
(and  fossils,  though  ill -preserved  and  belonging  to  few  species,  are  very  abundant  at 
Stile  End),  but  the  Stile  End  rocks  are  crowded  with  casts  of  Lindstrosmia,  both  in 
the  region  where  the  Yurlside  rhyolite  separates  them  from  the  Applethwaite  Bedg, 
and  in  the  region  further  west.  No  Lindstrocmia  has  yet  been  detected  in  the 
Boman  Fell  Beds.  In  the  neighbourhood  of  Coniston  the  Stile  End  Beds  contain 
numerous  fossils,  which,  as  is  usual  with  the  beds  of  this  series,  are  preeerred  as 
casts  only,  but  fragments  of  several  fossils  generically  identical  with  those  of  the 
Applethwaite  Beds  are  easily  discoverable,  and,  as  far  as  one  can  judge,  they  are 
also  specifically  identical.  Though  it  is  just  possible,  therefore,  that  these  Stile 
End  Beds  are  actually  representatives  of  the  Boman  Fell  Group,  all  the  evidence 
points  to  their  being  newer. 
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'•oenmiilation  was  probably  Tery  great,  and  its  oharacteristio  organismB 
-bad  time  to  beoome  widely  dispersed.  The  Stauroeephalua  fauna  is 
far  from  being  folly  desoribed,  and  few  deposits  would  better  repay 
«  oloae  examination  l^  a  local  geologist.  The  most  fossiliferous 
looalities  yet  discovered  in  the  north  of  England  are  the  west  oomer 
of  Aahgill  Quany,  the  moorland  between  Skelgill  and  Nanny  Lane, 
Trontbeck,  and,  in  the  Cross  Fell  area,  Swindale  Beck  and  Billy's 
Beck.  The  Ediinoderms  and  Crustacea  of  the  bed  are  particularly 
remarkable. 

The  overlying  Ashgill  Shales  and  their  equivalents  are  fairly  well 
known  in  those  regions  where  there  is  a  passage  betwixt  the  Ordo* 
vician  and  Silurian  strata.  In  Scotland  we  have  similar  shales 
above  the  starfish-bed  in  Lady  Bum.  In  North  Wales  blue  shales  ap- 
parently referable  to  this  horizon  occur  between  the  Bala  Limestone 
and  the  Himant  Limestone.  In  South  Wales  the  Redhill  beds  con- 
tain a  similar  fauna,  and  occupy  the  same  position.  In  Sweden, 
the  resemblance  of  the  shales  lying  between  the  Stauroeephalua 
Limestone  and  the  representatives  of  the  Stockdale  Shales  to  oar 
Ashgill  Shales  is  very  noticeable. 

In  North  Wales  the  Himant  Limestone  is  generally  placed  at  the 
summit  of  the  Ordovician  beds,  and  Mr.  T.  Koberts  and  myself  have 
also  placed  the  Slade  Beds  of  South  Wales  in  a  similar  position.  In 
Scandinavia,  Tnllberg  assigns  the  lowest  Graptolite- bearing  stratum 
above  the  beds  containing  normal  Bala  fossils  to  the  Ordovician 
system,  on  account  of  the  absence  of  Monograptus,  As  it  is  succeeded 
by  beds  containing  DimorpJiograptus,  it  is  probably  the  equivalent 
of  the  zone  of  Diplograptus  acnminatus  of  the  Birkhill  (Skelgill) 
shales,  and  the  same  may  be  true  of  the  Himant  Limestone  and  the 
Slade  Beds.  The  truth  is  that  where  we  have  an  unbroken  suc- 
cession between  Ordovician  and  Silurian  rocks,  the  exact  line  of 
demarcation  must  be  purely  conventional. 

In  the  table  *  (Plate  III.)  showing  the  variations  of  the  different 
members  of  the  Coniston  Limestone  Series,  no  attempt  is  made 
to  give  an  exact  representation  of  their  actual  thicknesses  in  various 
localities,  for  in  the  case  of  beds  which  have  been  so  disturbed,  such 
thicknesses,  as  taken  by  measurement  on  the  ground,  would  probably 
be  incorrect.  Nor  is  this  a  matter  of  much  importance  in  a  case 
where  volcanic  outbursts  are  clearly  seen  to  determine  to  a  very 
large  extent  the  changes  of  thickness,  when  the  beds  are  traced 
along  the  outcrop.  It  is  clear  that  in  such  cases,  the  position  of 
former  continental  masses  cannot  be  ascertained  from  a  study  of  the 
direction  of  thinning  out  of  the  beds.  The  Ashgill  Shales,  however, 
do  not  show  any  great  amount  of  volcanic  material,  but  appear  to  be 
normal  sediments.  If  the  thickness  assigned  to  these  beds  in  Faiiy* 
gill,  in  the  Sedbergh  district,  be  an  approximation  to  their  original 
thickness,  this  would  show  an  expansion  of  these  beds  when  traced 
eastwards,  and  this  agrees  with  the  observations  made  by  Professor 

'  In  this  table,  whilst  the  lava-flows  and  more  prominent  ashes  are  inserted,  no- 
attempt  is  made  to  indicate  the  finer  volcanic  material  mixed  with  the  Calcareous 
muds  of  maay  of  the  beds  of  Hhe  Bomaa  Fell  and  Sleddale  Qrou^. 
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Nicholson  and  myself  in  the  case  of  the  Stockdale  Shales,  which 
furnish  much  more  precise  data  for  accurate  measurement  It  is 
possible,  therefore,  that  land  lay  to  the  south-east  of  the  Lake  District 
at  the  end  of  Ordovician  and  commencement  of  Silurian  times,  and 
this  is  supported  by  an  examination  of  higher  Silurian  strata.  The 
consideration  of  the  beds  above  the  Stockdale  Shales  must,  however, 
be  reserved  for  a  future  occasion. 

§  4.  Fossils  of  the  Coniston  Limestone  Series. 
I.  BoMAN  Fell  Group. 
The  smaller  Crustacea  are  omitted  in  this  list.    They  require  reyision. 


Conehicoliten  gregarius^  Nich. 

AteUaeystitea,  sp 

Motnahnotus  rudiSy  8alt.  ... 
JAnguia  tenuigranulata^  M*Coy 
Strophomena  grandii^  Sow. 
Orthit  testudinariUf  Dalm. 
TretnaUs  corona,  Salt, 
Ambonychia  gryphtis,  Portl. 
Bellerophon  acutus.  Sow.  ... 

bilobatusy  Sow 

Actinocertu  pusgillenns,  Foord 
Cyrtoceras? 

II 


...  Pusgill ;  Roman  Fell. 

...  Roman  Fell. 

...  Roman  Fell. 

...  Pusgill ;  Roman  Fell ;  Swindale. 

...  Swindale;  Pusgill. 

...  Roman  Fell. 

...  Pusgill;  HarthwaiteBeck;  Roman  FelL 

...  Pusgill;  Boman  Fell. 

...  Roman  FelL 

...  Pusgill;  Roman  Fell. 

...  Roman  Fell. 

...  Roman  FelL 

Sleddalb  Group. 


^  The  fossils  from  the  Dufton  Shales,  and  Eeisley  Limestone  are  included  in  the 
list.  They  will  be  recognized  from  the  localities  attached.  The  Corals  are  omitted, 
as  the  Coniston  Limestone  Corals  are  now  being  examined  by  Prof,  l^icholson. 
Polyzoa  also  want  revising. 


Dicellograptus  complanaiuSy  Lapw. 

— ^  ancepSf  Nich 

IHplograptus  socialis,  Lapw.  ? 

truncattM,  Lapw. 

TentaculiUa  anglicuSy  Salt. 

AteleocyatiUiy  sp 

Aeidaspis,  n.sp 

Amphion,  n.sp 

Ampyx  tetragonuSf  Ang.  ... 

—  tumiduSf  Forbes 
Beyrich  ia  conplicata,  Salt. . . . 
Calymetie  Blumenbachii,  Brong 

var.  Caractaci,  Salt. 

—  senariHf  Conr 

Vheirurus  bimucronattis,  Murch 

cancrurut,  Salt 

clavifronsy  Dalm.  F  ...     . 

Cybele  Loveni,  Linnrs 

—  verrucosa^  Dalm 

CyphaspiSy  of.  triradiatus,  Toraq. 

Cyphoni8ai9  9oeiali8y  ^dlt 

JHndymeney  n.8p 

JSncrinurua  multipHcattUy  Salt... 
■  multisegmentatuSy  Portl.  ? 

JTarpea  Doramiiy  VoTtl 

J£onialonotu8  punctiUonts^  Tornq. 

—  Sedgwiekiy  Salt 

Jllanus  Ifotpmanni,  Salt 


Swindale. 

Norber;  Skelgill? 

Swindale. 

Uuming  Lane,  Dufton ;  Norber. 

Troutbeck;  Coniston;  Norber. 

Norber ;  Wharf e. 

Pusgill;  Applethwaite. 

Troutbeck. 

Pusgill ;  Billy's  Beck. 

Keisley. 

Applethwaite;  Coniston., 

Coniston  ;  above  Bother  Bridge. 

Horton  ;  fiigh  Haulme  ;  Coniston  ;  Apple* 

thwaite;  Swindale. 
near  Dent ;  Reisley. 
Keisley. 
Keisley. 

Applethwaite;  Dufton;  Norber. 
Ravenstonedale  ;    Helm  Gill ;    Swindale  ; 

Pusgill ;  Applethwaite ;  Coniston. 
Keisley. 
Keisley. 
Norber. 

Barking ;  Dent. 
Sunny  Brow. 
Coniston. 
Keisley. 
Ravenstonedale. 
Coniston;  Applethwaite;  Swindale. 
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•••   ••• 


•••   •••   ■•• 


•••   ••■   ••• 


UUmm  cf.  eomifrpmBf  Bfllingi 

Dmfini^  Salt.    ... 

Muenherffif  Eichw.  ... 
kucmiu9,  M'Coj 
— ^  UeiniattUy  Dalm.    ... 
l^ltfMfM  JBroit^imriii,  Fortl. 

ef .  invUpinOj  Schmidt 

cf .  SickHmldi,  Schmidt 

—  {PUryffometopu§)  ip.... 
FkmipnnelUt  paruMa,Bnr, 
FrimiiUi  utrtm^ulatay  Salt. 
BtmopUurides  ColHi,  Portl.  ... 
•^—  cf.  UmgicoiUthu^  Peril.  ... 
ifl^pAtfrezoeAwt  hoopB^  Salt 

—  ealpu9,  M'Coy  ... 
JVimfWinw  eofMm^rtaw,  Eaton ... 

aetieomUf 


•*•     ..t 


...     .••     .*• 


•*.    ■■•     ...     ..< 


...     ... 


...     ..1 


Keialej. 

Trontbeck;  Wharfe. 

Long  Sleddale ;  Troatbeck ;  Snnny  Brow. 

Pdb^;  KeialcT. 

Conifton;  Keialey. 

Applethwaite ;  Coniaton;  Swindale;  Back«^ 

Bide  Beck. 
Coniston; 

Coniston ;  Applethwaite ;  StQe  End. 
Norber. 
Norber. 

Applethwaite;  Coniston. 
Swindale;  Applethwaite. 
EeiBleT. 

Applethwaite;  Coniston. 
Keuley. 

PuBgill.  [Xorber. 

Applethwaite*;   Ptugill;    Hnming    Lane; 
Iforber. 


l^nileptu,  Bp. 

Yotm^  (Linnrs.  non  B.  Jones) 

tritpinotOy  Nich.  and  Eth.  jnn.    Posgill :  Homing  Lane. 


Atrypti  ixpanta,  Linnrs.   ... 
LepUena  tranavenalis^  Dalm. 
Lingula  ovata,  M'Coj 
Orthit  AetonuB,  Sow. 


•  « •         ••  • 


•••         ••« 


•  ••         ••  • 


•  •  •         •  •  • 


•••         •• < 


•••         ••■ 


bidens.  Salt.,  MS. 

—  bi/orata,  Schloth.     ... 

calligramma,  Dalm.... 

• tie ff  an  tula,  Dalm. 

^—^  JlabellulutHf  Sow, 
— ^  intulariSf  Eich.... 

—  porcata,  M*Coy 

spiri/eroideSyBl^Coy...     . 

tetiudinaria,  Dalm 

vetpertUio,  Sow 

Strophofnena  eormgatella,  Dav. 

deltoidea,  Conr 

— —  erparma,  Sow 

• pecten^  Linn 

rAomboidalia,  Wilck. 

Loionema  obacura,  Portl 


*  •     ... 


• .     ..I 


...     ..i 


Keisley. 

Coniston  ;  Hilton  Beck ;  Norber ;  Wharfe. 

Coniston ;  Applethwaite. 

High  Haulme;   Coniston;   Applethwaite; 

Helm  Oill ;  Keisley. 
Hehn  Gill. 

Rarenstonedale  ;  Helm  Gill ;  Troutbeck. 
Helm  Gill ;  Troutbeck ;  Stile  End. 
High  Haulme;  Helm  Gill;  Troutbeck. 
Applethwaite;  Skelgill. 
Coniston;  Troutbeck. 

High   Haulme  ;    Helm  Gill ;    Troutbeck ; 
Troutbeck.  [Keisley. 

Pusgill ;  Harthwaite  Beck ;  Keisley. 
Troutbeck;  Coniston;  Stile  End;  Dufton; 
Keisley.  [Keisley. 

Keisley. 

Keisley ;  Harthwaite  Beck. 
Ravenstonedale ;  Troutbeck. 
Helm  Gill ;  Troutbeck ;  Coniston. 
Keisley. 
Helm  GiU. 


Cyrtoeerat  sonar.  Salt. 

Orthoferas,  cf .  elongatO'einetum,  Portl.  Keisley. 

Orthoceraa  velatitfn,  B\ake P 

TrochoceroM  eomu-arietU,  Sow.      -...  Troutbeck  ;  Coniston. 

IIIa.  Stattbocefhalus  LniEsroNE, 
BchinMpharites  arachnoidetit,  Forbes    Swindale. 


balthiet4s,  Eichw. 

I)arini,  M*Cov 

manimasus.  Salt.  MS.  P 


...     ...     ... 


...     ... 


...     ... 


JgnotttiM  triftodus,  Salt.  F... 

Andaspis     ... 

Calymme  Blunittihaehii,  Brongn. 

l\eha$  laciniatus,y^h\i\ 

Ogygia 

Phacops  apirulatus.  Salt.  ... 

— —  Mcentra,  Ang 

— —  Jukeaiiy  Salt.     

HiU%p$inella  parabola,  Barr.   ... 
StmtroeephaluM  globicepa,  Portl. 


...    •.« 


...    «••    ... 


...     ...    ...     ...     ... 


•• .    ... 


Troutbeck. 

Troutbeck, 

Troutbeck. 

Troutbeck. 

Swindale. 

Asbgill. 

Swindale, 

Asbgill. 

Asbgill;  Troutbeck. 

Asbgill ;  Troutbeck. 

Swindale. 

Swindale;  Troutbeck. 

Troutbeck  ;  Billy's  Beck ;  Swindale. 
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Turrilepoi Ashgill;  Trontbeek;  SwiDdalft* 

Sketiidiuntt  n.sp Billy*8  Beck. 

Holopea       Trontbeck. 

Orthoceras  va^anSf  Sali Troutbeck. 

IIIb.  Ajbhoill  Shalbb. 

Comulites    SkelgUI;  Backside  Beck. 

Myelod€tctylu»  ? Backiside  Beck. 

Glyptocrinut       Skelgill. 

Ogygia         Trontbeck. 

Fhaeops  apiculatus^  ^dXi Bebecca  Hill ;  Tirontbeok. 

—  eucentra^  Aug Ashgill;  Troutbeck. 

Fhylhpora  Hisingerif  M'Coy Backside  Beck. 

Orthia  act<mia,  Sow Skelgill. 

—^  biforatOf  Schlot Skelgill;  Ashgill;  Swiodale;  Backside Beek. 

—  calligramma^  Dalm Skelgill. 

« eUgantula,  Balm Skelgill;  Swindale. 

'^-^  proUfua,  Sow Skelgill;  Ashgill;  Swindale;  BackndeBeeL 

—  testudinaria^  Dfi^m Skelgill;  Applethwaite. 

vesper tilioy  Sow Skelgill 

Strophomena  silurianay  Day Troatbeck;  Skel^;  Ashgill;  Rebecca  Hill; 

Swindale ;  Fairy  Gill ;  Backaide  Beck. 

Theea  triangulariSf  Portl Skelgill. 

Bellerophon Ashgill. 


II. — Bemabes  on  the  Formation  of  Landscape  Marbls. 

By  Horace  B.  Woodward,  F.G.S. 

THE  Landscape  Marble  or  Cotbam  Stone  is  one  of  the  beat  known 
of  our  English  ornamental  rocks.  Polished  slabs  of  it  may 
be  seen  in  most  museums ;  and  there  are  fashioned  out  of  it  paper* 
weights,  ring-stands,  and  other  useful  objects,  which  may  be 
purchased  on  Clifton  Down  and  elsewhere. 

This  stone  came  into  notice  when  it  was  quarried,  together  with 
other  beds,  near  Gotham  House,  on  the  northern  side  of  Bristol ; 
and  it  was  described  in  considerable  detail  in  1754  by  Edward  Owen, 
who  then  gave  it  (he  name  of  "Gotham  Stone." * 

It  is  a  hard,  close-grained  argillaceous  limestone,  which  breaks 
with  a  fracture  almost  as  conchoidal  as  that  of  flint;  and  it  is 
characterized  by  dark  arborescent  markings  which  pervade  the 
stone.  These  markings  rise  from  a  more  or  less  stratified  base, 
and  terminate  upwards  in  the  wavy  banded  portion  of  the  limestone, 
which  varies  from  one  to  about  nine  inches  in  thickness.  Thus 
when  slabs,  cut  at  right  angles  to  the  planes  of  bedding,  are 
polished,  there  may  often  be  discerned  (with  the  aid  of  the  imagina- 
tion) a  landscape  with  a  prominent  row  of  trees  and  bushes,  with 
clouds  above,  and  perhaps  the  semblance  of  water  in  the  foreground.* 

The  lower  surface  of  the  limestone- is  even,  though  sometimes  in 
small  masses  of  the  rock  it  is  gently  curved ;  the  upper  surface  is 
corrugated,  and  the  irregularities  appear  to  correspond  in  many 
instances  with  the  original  planes  of  deposition,  for  thin  layers  thai 

*  Obserrations  on  the*  Eartbs,  Kocks,  Stones,  and  Minerals,  {or  some  miles  about 
Bristol,  etc.,  8vo.  London. 

^  An  illustration  of  the  Landscape  Marble  was  published  in  the  Proe.  QbA, 
Assoc,  vol.  i.  p.  209. 
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•ooindde  with  the  nneyen  surfaoe  may  be  split  from  the  rook.  In 
other  instanoes  the  ridges  on  the  surface  are  curiously  interlaced, 
fonniDg  a  kind  of  "  rustic  wor^  "  that  is  prized  for  rockeries.  It 
teems  likely  that  the  upper  surface  of  the  stone  is  largely  due  to 
the  shrunken  state  of  the  calcareous  mud  from  which  the  Cotham. 
Stone  originated.  So  far  as  I  know,  wherever  the  crinkly  surfaces 
and  the  arborescent  markings  are  present,  the  limestone  occurs  in 
isolated  and  lenticular  masses;  and  these  are  sometimes  less  than 
a  foot  across,  sometimes  three  feet  or  more.  Where  the  stone,  or 
its  equivalent,  occurs  as  a  fairly  persistent  layer,  it  maintains  its 
compact  character,  it  is  banded  and  evenly  bedded,  but  the  arborescent 
markings  are  wanting. 

While  the  Cotham  Stone  is  present  in  a  number  of  localities  from 
Bristol  to  Uplyme  in  Devonshire,^  yet  in  many  sections  exposed  over 
that  area  it  has  not  been  recognized  or  but  doubtfully  identified, 
partly  because  of  its  impersistent  nature,  and  partly  because  it  may 
be  represented  by  a  layer  without  arborescent  meurkings.  This  is 
the  case  also  in  the  country  north  of  Bi-istol. 

It  is  interesting  to  find  that  this  layer  of  limestone  extends,  even 
in  interrupted  masses,  over  so  large  an  area,  and  it  is  noteworthy  that 
wherever  the  characteristic  Landscape  Marble  has  been  observed,  it 
occupies  a  position  in  the  Hhastic  Beds,  at  or  near  the  junction  of 
the  Black  Avicula-conlorta  Shales  with  the  overlying  beds  of  White 
Lias.  The  limestone  thus  forms  an  horizon  of  some  service  to  the 
geological  surveyor,  and  it  may  be  tracked  across  many  a  ploughed 
field  between  Bath  and  the  Mendip  Hills.  The  finest  examples  of 
the  stone  that  I  have  seen,  were  opened  up  during  the  construction 
of  the  Midland  Kailway  between  Bath  and  Kelston. 

To  its  stratigraphical  position  the  Cotham  Stone  may  in  some 
measure  owe  its  peculiar  characters,  occupying  as  it  does  an  inter- 
mediate place  between  dark  argillaceous  sediments  and  almost  pure 
calcareous  mud.  In  some  localities  a  few  inches  of  dark  clay  may 
he  found  above  the  Stone,  but  usually  it  is  overlaid  directly  by  the 
pale  marls  and  limestones  of  the  White  Lias.  It  marks  a  stage 
when  this  calcareous  sediment  was  commingled  with  a  slight  amount 
of  dark  mud  deposited  in  occasional  films.  Thus  an  ordinary  banded 
limestone  was  produced  in  many  places,  as  seen  in  the  railway- 
cutting  at  Cossington,  between  Bridgewater  and  Edington,  at  Aust, 
and  at  Lassington  near  Gloucester.  Beds  of  this  character,  although 
they  exhibit  no  arborescent  markings,  are  often  spoken  of  as  *' Cotham 
Marble,"  because  they  occupy  the  same  stratigraphical  position. 

Between  this  ordinary  banded  limestone  and  the  distinctly  ar- 
borescent types,  all  sorts  of  intermediate  varieties  may  be  found  ;  but 
as  most  of  these  varieties  are  not  *  ornamental,'  they  are  regarded  as 
unsuitable  for  polishing,  and  do  not  come  much  into  notice.  Occa- 
sionally in  less  compact  rocks,  where  darker  and  lighter  layers  of 
material  are  present,  arborescent  markings  may  be  found ;  this  is 
the  case  in  the  *  Estheria-hed,^  which  occurs  in  the  upper  part  of  the 

1  See  Dr.  Wright,  Geol.  Mag.  1864,  p.  201. 
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Bhietio  Beds  at  Garden  Cliff,  Westbury-on-Sevem ;  and  it  is  an 
exceedingly  irregular  and  nodular  limestone. 

In  other  formations  I  have  met  with  similar  phenomena.  In  the 
Lower  Purbeck  Beds  at  Durlston  Bay,  near  Swanage,  there  is  a  thin 
layer  of  limestone  that  presents  the  sanie  corrugated  and  mammil- 
lated  surface  as  the  Gotham  Stone,  and  it  exhibits  obscure  arborescent 
markings.  Again  at  Bounden  Wood  near  Battle,  a  layer  presenting 
like  characters,  occurs  also  in  the  Purbeck  Beds^  In  the  same  dis- 
trict near  Battle,  there  is  a  bed  of  more  or  less  nodular  limestone 
called  the  '  Cutlets,'  and  this  sometimes  possesses-  curious  irregular 
bands  of  light  and  dark  grey  tints,  that  form  a  sort  of  intermediate 
stage  between  even  banded  limestone  and  Landscape  Marble.  There 
is  a  specimen  of  this  rock  in  the  Museum  at  Jermyn  Street. 

Another  illustration  1  have  met  with  in  the  Inferior  Oolite  of 
Cbarlcombe,  near  Bath,  where  there  occurs  a  bed  of  compact  brown 
limestone,  banded  at  the  base  like  the  Cotham  Stone,  and  becoming 
nodular  (and  in  this  case  also  somewhat  concretionary)  above ;  and 
this  rock  exhibits  faint  resemblances  to  arborescent  markings. 

For  want  of  a  better  explanation  I  have  elsewhere  compared  the 
arborescent  markings  in  the  Landscape  Marble  with  the  dendritic 
infiltrations  of  manganese-ore,  etc.,  so  commonly  met  with  on  the 
surfaces  of  rocks,  whether  along  joints  or  bedding-planes.*  I  now 
think  there  is  no  particular  connexion  between  the  phenomena  of 
infiltration  and  the  production  of  the  Landscape  Marble. 

The  ferruginous  infiltrations  that  produce  irregular  bands  of  colour 
throughout  the  mass  of  many  rocks,  present  no  close  resemblance 
to  the  features  of  Landscape  Marble.  Some  of  the  appearances  met 
with  in  the  fissile  limestone  known  as  '  Florentine  Slate '  and  '  Buin 
Marble,'  are  due  to  infiltrations  of  oxide  of  iron  that  permeated  the 
stone  pi*obably  after  consolidation  ;  while  the  rock  itself,  thus  irregu- 
larly banded,  was  subsequently  fractured,  and  portions  of  it  shifted 
by  minute  faults  that  have  given  the  sharp  outlines  to  the  "  ruins. "^ 

It  may  be  mentioned  that  other  beds  of  limestone  above  the 
Cotham  Stone,  and  as  high  as  the  *  Sun  Bed,*  which  is  locally  the 
top  layer  of  the  White  Lias,  occasionally  present  irregular  and 
corrugated  surfaces,  but  these  occur  in  homogeneous  limestone,  and 
no  arborescent  markings  are  exhibited.  The  fact  indirectly  lends 
support  to  the  view  that  the  arborescent  markings  of  the  Cotham 
Stone  are  contemporaneous  and  not  due  to  subsequent  infiltration. 

There  is  no  evidence  to  support  the  notion  that  gaseous  emanationsr 
such  as  might  have  arisen  from  the  black  mud  of  the  Avicula  contorta 
Shales,  had  anything  to  do  with  the  formation  of  the  Landscape 
Marbles.  This  notion  was  to  a  certain  extent  suggested  by  E.  Owen, 
who  thought  the  arborescent  markings  were  produced  by  the  escape 
of  imprisoned  air ;  but  had  such  agents  been  at  work  the  markings 
would  not  be  confined  to  the  nodular  masses  of  rock,  and  they 
would  extend  upwards  through  the  base  of  the  limestone. 

It  appears  to  me  that  the  arborescent  markings  were  produced 

^  Geol.  E.  Someiset,  etc.  (Geol.  Survey),  p.  70 ;  and  Geol.  England  and  Wales, 
ed.  2,  p.  244. 


GiOL.  Mao.  1891. 


Dec.  in.  Vol.  IX.  PL  IV. 


Fio.  1. — Section  of  Hinunt  LimeBtone 


The  gTBini  are  made  up  of  four  layers — (1 )  Central  nacleos  of  calcite. 
(2)  Carbon.  <3)  "  Cbalcedonic "  eilica.  (4)  Outer  bands  of  dusty 
uttBrial  and  eartwQ.     (3)  and  (4)  a; 


Fio,  2. — Section  of  Hirnsnt  Limestone  x  100. 


To  Ulutlratt  Mr.  L.  If.  Fvlcher't  paper  on  the  CompotiCion  and  Slructare 

of  the  Sima7il  Limettom. 

(?■  in-) 
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daring  the  consolidation  of  the  stone,  and  more  particularly  bj  the 
Bhrioking  of  its  upper  portions.  In  this  way,  and  while  the  mud 
was  Btill  in  a  more  or  less  pasty  condition,  one  or  more  of  the  dark 
films  in  the  banded  mass  were  disarranged  and  dispersed  in 
arborescent  form  in  the  slowly  setting  rock.  The  features  dis- 
played in  different  specimens  of  the  Landscape  Marble  suggest 
that  sometimes  an  upper  and  sometimes  a  lower  film  of  dark  miid 
was  dispersed.  There  are  specimens  likewise  that  exhibit  a  double 
landscape,  one  above  the  other.  An  example  is  figured  by  E.  Owen 
(op.  eii,  pi.  i.  p.  163),  and  similar  specimens  are  preserved  in  the 
Museum  of  Practical  Geology.  In  these  instances  there  seems 
eTidence  of  a  prior  consolidation  in  the  rock,  followed  by  more 
calcareous  mud,  the  whole  ultimately  coalescing  to  form  one  layer 
of  limestone.  It  may  be  that  the  production  of  the  isolated  masses 
of  rock  with  their  irregular  upper  surfaces,  was  attended  by  some 
pause  in  the  deposition  of  sediment,  and  by  exposure  of  the  layer 
to  the  sun's  rays.  There  is  no  doubt  that  such  circumstances  took 
place  during  the  Bhsetic  period ;  and  the  rolled  lumps  of  contem- 
poraneous limestone  met  with  in  the  White  Lias  near  Lyme  Begis 
and  near  Harbury  are  suggestive  of  such  exposure  during  the  later 
stages  of  the  period.^  Thin  veins  of  calc-spar  occasionally  penetrate 
the  '  inferior  kinds '  of  Landscape  Marble,  and  these  fill  cracks  that 
were  perhaps  the  final  result  of  consolidation  :  the  mass  of  the  stone 
being  sometimes  found  in  a  minutely  faulted  condition. 

Under  the  microscope  the  dark  arborescent  portions  appear 
sharply  defined  from  the  main  mass  of  the  Gotham  Stone,  and  some 
tiny  dark  portions  are  seen  to  be  isolated.  Mr.  J.  J.  H.  Teall,  who 
kindly  examined  the  rock,  states  that  it  is  "mainly  composed  of 
extremely  fine  granular  calcite,  and  that  it  contains  a  few  very 
small  grains  of  quartz.  In  the  part  which  shows  the  characteristic 
markings  there  are  patches  of  clear  and  sometimes  coarse-grained 
crystalline  calcite."  These  facts  are  not  inconsistent  with  the  view 
that  the  appearances  are  due  to  the  partial  intermixing  of  the  dark 
and  light  layers  of  mud  during  consolidation,  albeit  attended  by 
some  crystallization  of  calcite. 

The  evidence  here  brought  forward  is  essentially  stratigraphical ; 
bat  if  the  suggested  explanation  be  true,  it  serves  to  indicate  the 
kind  of  re-arrangement  that  may  take  place  when  a  pasty  sedimentary 
mass  solidifies  in  a  somewhat  irregular  manner. 

It  has  been  noticed  that  the  upper  surface  of  the  Cotham  Stone 
is  generally  corrugated,  but  that  it  is  sometimes  formed  of  branching 
or  interlacing  ridges.  These  latter  may  be  connected  with  phenomena 
of  segregation.  The  segregation  and  concentration  of  calcareous 
niaterial  is  shown  in  the  irregular  and  nodular  character  of  some 
of  the  Lias  limestones,  and  in  other  formations  where  cement-stones 
find  septaria  occur.  Some  nodules  of  "  race  "  and  ironstone  exhibit 
^mmillated  surfaces,  when  there  is  no  evidence  of  concretionary 
fiction  such  as  would  be  indicated  by  the  deposition  of  successive 
<^ts  of  mineral  matter. 

^  Proc.  Geol.  Assoc,  vol.  xi.  p.  xxx. 
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The  process  of  formation  of  the  Jjandscape  Marble  seems  to  me  to 
have  been  mainly  meobanioal,  although,  as  might  be  expeoted,  there 
is  evidence  also  of  chemical  change.  In  attribnting  the  oorragated 
surfaces  to  the  shrinking  of  the  calcareous  mud,  I  may  have  appealed 
too  strongly  to  mechanical  causes,  as  apart  from  the  obscure  proceasei 
of  segregation,  or  even  of  concretionary  action. 

The  facts,  however,  show  the  connexion  between  the  arborescent 
markings  and  the  corrugated  and  lenticular  masses  of  banded  lime- 
stone ;  and  they  support  the  contention  that  the  markings  were 
produced  by  changes  amid  the  variously  tinted  calcareous  mod 
during  its  solidification. 


UL — Note  on  the  Composition  and  Structure  of  the  Hirnaxt 

Limestone. 

By  L.  W.  FULCHB&,  B.Sc.,  F.C.S. 

(PLATE  IV.) 

DUBIXG  the  summer  of  1890,  Professor  Cole  and  1,  whilst 
geologising  in  North  Wales,  were  led  to  examine  the  Himant 
Limestone.  Since  then  the  further  examination  in  the  laboratocy 
of  the  Rpecimens  collected  by  myself  have  revealed  some  remarkable 
characteristics  which,  as  they  are  as  yet  undescribed,  I  think  am 
worthy  of  notice. 

The  specimens  on  which  the  following  observations  have  been 
made  were  obtained  from  a  small  cutting  opposite  to  the  farm 
named  Cwm-yr-aethnen,  in  the  valley  of  the  Himant,  which  descends 
towards  Bala  Lake.  The  limestone  occurs  here  between  two  beds 
of  fossiliferous  slate.  The  exposure  is  very  small,  and  being  con- 
siderably overgrown,  it  was  only  by  careful  search  that  we  suc- 
ceeded in  finding  it  The  Survey  Memoir^  mentions  that  an  outcrop 
occurs  At  Trum-y-gwragedn,  a^id  also  that  loose  blocks  were  fouxia 
by  Sedgwick  at  the  Bwlch-y-groes ;  but  after  a  careful  search  we 
failed  to  find  it  at  cither  of  these  localities. 

It  is  necessary  for  me  to  add  here  that  I  am  greatly  indebted  to 
Prof.  Cole  for  much  valuable  advice  and  criticism  of  the  facts 
observed  as  well  as  for  the  loan  of  some  material,  and  I  hereby 
tender  him  my  best  thanks. 

The  rock  is  described  in  the  Survey  Memoir  as  "  fossiliferous, 
black  and  pisolitic,  the  concretions  being  about  the  size  of  small 
grains  of  barley." 

It  is  a  very  tough  rock,  and  in  hand  specimens  from  the  above- 
mentioned  locality  the  black  grains,  which  are  mostly  ellipsoidal  in 
shape,  are  from  1  mm.  to  3  mm.  in  their  longest  diameter,  and  avs 
somewhat  sparsely  scattered  in  a  crystalline  matrix,  that  is  to  say, 
they  are  not  so  crowded  together  as  in  the  case  of  an  ordinary  piece 
of  oolite  limestone.  The  centres  of  the  grains  often  show  the  bright 
cleavage  face  of  a  calcite  crystaL 

An  analysis  of  the  rock  reveals  the  interesting  fact  that  the  blaok- 

*  Ramsay,  Geology  of  North  Wales,  Mem.  GeoL  Survey,  vol.  iii. 
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tm  of  the  grains  is  dae  to  carbon  in  an  amorphous  form.     The 
Mowing  were  the  numbers  obtained  by  a  quantitative  analysis :-— » 

Insoluble  rendae  (other  than  carbon)       18*35 

\^m  Ovtt  •••      •••     •••      •••      •■•      •••      •••      •••      •••        xxo 

fiiO,  (eolaUe)      -27 
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These  figares  correspond  to  a  total  percentage  of  OaCO,=72'82^ 
MgCI0,=2-2,  and  FeC0,=243.  It  also  gives  off  a  trace  of  SH,  when 
^iasol^  in  hydrochloric  acid.  The  insoluble  residue  (including 
the  carbon)  contains  approximately  carbon  7  per  cent. ;  BiOt  77  per 
cent;  and  Fe,0,  +  A1|0,  II  per  cent. ;  the  remaining  5  per  cent, 
oontuning  lime,  etc. 

The  specific  gravity  of  the  rock  varies  slightly  in  different  speci- 
nieiis  from  the  same  locality.  Thus  two  determinations  kindly 
eommunicated  to  me  by  Prof.  Cole  gave  2-604  and  2-67,  while 
mother  for  which  I  am  indebted  to  Mr.  Hume  gave  2*642.  These 
differences  are  readily  explained  by  the  variation  in  composition  of 
4his  rock,  even  at  distances  of  a  few  inches  in  the  same  specimen, 
whidi  is  shown  when  sections  are  observed  under  the  microscope. 
Ifefeienoe  is  made  to  this  further  on. 

When  a  piece  of  the  rock  is  treated  with  dilute  hydrochloric  acid, 
the  calcite  is  gradually  dissolved  and  the  grains  are  left  as  little 
black  hollow  ellipsoids,  together  with  a  quantity  of  fine  sand  and 
earbon  in  powder.  These  black  grains,  when  pressed  by  the  finger 
en  a  piece  of  paper,  soil  both  the  paper  and  the  fingers  just  like 
soot  would  do.  But  they  are  not  wholly  composed  of  carbon ;  for  on 
heating  them  to  redness  in  a  platinum  capsule,  they  turn  of  a  reddish- 
brown  colour,  still  retaining  their  shape,  though  all  the  carbon  has 
been  burnt  off.  It  is  easily  seen  now  by  applying  the  usual  tests 
that  these  residues  are  composed  of  silica  coloured  by  a  little  oxide 
of  iron.  Some  of  the  black  grains  mounted  in  Canada  balsam  show 
a  concentric  structure,  but  this  is  much  better  studied  in  sections  of 
the  ruck  itself. 

Amongst  the  residue  of  a  piece  of  the  rock  about  1^  inches  square 
I  also  obtained  some  fragments  of  a  very  fine  micaceous  sandstone, 
the  largest  of  which  measured  11  x  8  mm.  This  particular  fragment 
alao  had  some  very  regular  black  markings  on  its  surface,  which  I 
thought  might  possibly  be  leaf-scars ;  but  on  submitting  tlie  frag- 
ments to  Mr.  Boodle,  this  gentleman  gave  his  opinion  against  this 
idea,  but  suggested  that  they  might  possibly  be  aggregations  of  fine 
sand  around  small  vegetable  filaments,  as  the  carbon  in  the  fragments 
Beemed  to  occupy  the  hollows  of  very  small  canals.  Of  course  this 
point  cannot  be  settled  until  large  quantities  of  the  rock  are  dis- 
solved, 80  that  a  good  many  of  these  fragments  can  be  examined. 
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At  present  I  have  not  the  material  for  this  purpose,  but  1  bavtf 
thought  it  well  to  mention  the  fact  of  the  peculiar  aspect  of  tbeo^ 
sandstone  fragments,  as  Ordoviciau  plants  are  so  rare  that  any  io" 
dication  of  their  existenoe  is  naturally  a  matter  of  interest,  1  may 
add  that  a  section  which  I  had  prepared  of  the  fragment  did  not 
reveal  any  noteworthy  characters  under  the  microscope. 

When  a  section  of  the  rock  is  examined  under  the  microscope,  ve 
see  the  grains  lying  in  a  crystalline  matrix  of  calcite  (PI.  IV.  Figs. 
1-2,  for  the  drawings  of  which  I  am  indebted  to  the  kindness  of 
Mr.  E.  W.  Wetherell).     The  centre  of  the  grains  consists  usually  of 
granular  calcite,  and  in  some  cases  has  the  form  of  a  figure  of  8,  bat 
is  generally  rather  irregular  in  shape.     Occasionally  the  nucleus  is 
the  fragment  of  an  organism  or  a  grain  of  sand.     Around  the  centre 
the  carbon  appears  as  a  series  of  opaque  concentric  rings,  thougb 
now  and  then  patches  are  seen  to  have  been  torn  away  in  the  pre- 
paration of  the  section.   In  a  few  cases  the  carbon  seems  to  fill  up  tb& 
whole  of  the  interior  of  the  grain,  but  this  is  probably  due  to  the  fact 
that  the  centre  of  such  grains  has  not  been  cut  through.    Externally 
the  grains  are  seen  to  be  increased  in  the  direction  of  their  longer 
axes  by  a  secondary  development  of  a  fibrous-looking  mineraL  Tbii 
statement,  however,  must  be  modified.     In  all  the  sections  which 
I  had   prepared  from  my  own  specimens  this  secondary  mineral 
appears ;  but  Prof.  Cole  has  lately  lent  me  a  slide  in  which  it  is 
entirely  absent,  so  that  the  alteration  is  possibly  only  local.    The 
fibrous- looking  mineral  from  its  optical  properties   seems  to  be  a 
chalcedonic   variety   of  silica.     Under  a   high   power  the  fibroui 
appearance  is  seen  to  bo  due  to  a  number  of  thin  elongated  prisms 
which  are  apparently  quartz.     This  mineral  is  itself  bounded  by 
a  band  of  almost  opaque  material  which  sometimes  includes  carbon. 
There  are  often  three  or  four  bands  of  chalcedony  separated  froiA 
each  other  by  a  layer  of  the  dusty  material. 

There  is  very  rarely  a  radial  grouping  in  the  grains  as  in  som^ 
Oolites,  nor  does  there  appear  to  be  any  such  structure  as  the  recentlj 
described  Girvanella?  The  grains  give  no  black  cross  betweei 
crossed  Nicols. 

The  matrix  in  which  the  grains  are  embedded  is  seen  to  b 
ordinary  crystalline  limestone,  but  it  contains  here  and  there  frag 
ments  of  organisms  (Polyzoa),  and  also  small  irregular  grains  o 
quartz,  which  are  by  no  means  regularly  dispersed,  being  in  somi 
places  much  more  numerous  than  in  others.  These  quartz  grains  oflei 
contain  moving  bubbles.  It  is  also  to  be  noticed  that  ocoasionalb 
an  extremely  thin  band  of  secondary  calcite  traverses  the  whol 
section,  penetrating  right  through  the  grains.  A  section  which  hft 
been  mounted  in  Canada  balsam,  and  then  etched  with  hydrochlori< 
acid  so  as  to  dissolve  the  calcite  before  being  covered  up,  shows  moit 
clearly  the  concentric  structure  of  the  grains  and  the  outer  coatin| 
of  chalcedonic  silica  which  they  possess. 

It  will  be  observed  from  the  above  description  that  the  rock  w 

somewhat  analogous  in  structure  to  the  Cleveland  iron  ore,'  tH< 

*  Wethered,  Geol.  Mao.  1889,  p.  196. 

«  Sorby,  Q  J.G.S.  Tol.  xxxt.  (1879)  Proc.  p.  84. 
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Ihampton  iron  ore/  and  the  pisolitic  iron  ore  of  Cader  Idris.'^  It 
ere  from  all  these,  however,  in  the  fact  that  the  grains  have  a 
ting  of  carbon,  and  in  the  absence  of  the  oxides  of  iron  which 
a  the  chief  constituent  of  the  latter.  It  resembles  all  the  above- 
itioned  rocks  in  the  fact  that  the  grains  contain  a  skeleton  of  sih'ca, 
farther  in  the  presence  of  ferrous  carbonate  and  phosphoric  acid. 
s  most  probable  too  that  the  silica  skeleton  in  the  case  of  the 
nant  limestone  is  due  to  the  infilling  of  a  cavity  produced  by 
ition  of  the  calcium  carbonate  of  the  grains,  which  solvent  action 
prevented  from  extending  inwards  by  the  insoluble  nature  of  the 
H)n.  On  the  whole  it  seems  that  the  rock  owes  its  distinctive 
acteristics  to  vegetable  agency, — the  peculiar  form  of  the  carbon 
i^ell  as  the  other  chemical  constituents  lending  evidence  in  sup- 
of  this  view.  This  evidence  would  be  much  strengthened  if  the 
Istone  residues  described  above  should  turn  out  to  be  a  result  of 
existence  of  plant  life  as  suggested. 


-Ox  THE  Flexibility  op  Kogks  ;  with  Spkoial  Eeferengb  to 
THE  Flexible  Limestone  of  Durham. 

By  George  W.  Card,  A.R.S.M.  ; 
§8istant  Demonstrator  of  Geolo"^'  at  the  lloyal  College  of  Science,  London. 

[E  existence  of  rocks  possessing,  when  the  laminaB  are  not  too 
thick,  the  property  of  flexibility  has  long  been  known.  Upon 
ble  sandstone  ("  Itacolumite  ")  a  great  deal  has  been  written  at 
rent  times,  and  of  late  years  important  work  has  been  done 
;h  renders  it  necessary' to  greatly  modify  the  opinions  formerly 
with  regard  to  this  rock.  Notwithstanding  the  interest  which 
tached  to  the  subject,  it  is  one  ver}-  much  neglected  by  our  text- 
is,  the  British,  either  ignoring  it  altogether,  or  treating  it  with 
utmost  brevity,  the  German,  while  sometimes  referring  to  it  at 
iderable  length,  do  not  do  more  than  enunciate  the  old  views, 
^rof.  Judd — w^ho  has  kindly  aided  me  with  advice,  and  by  afford- 
Facilities  for  preparing  this  paper — I  owe  the  suggestion  that  it 
Id  therefore  be  useful  to  give  a  resume  of  the  present  state  of 
knowledge  upon  the  flexibility  of  rocks  in  general.  This  paper 
accordingly  be  divided  as  follows  : — 

1.  An  account  of  the  Durham  Limestone. 

2.  Some  remarks  upon  Flexible  Sandstone. 

3.  A  comparison  of  the  two  rocks. 

The  Flexible  Limestone  of  Durham. — My  attention  was  first 
3ted  to  the  existence  of  this  rock  by  Mr.  H.  B.  Woodward's 
iology  of  England  and  Wales."  ^  Being  well  acquainted  with 
Sunderland  district,  I  determined  to  take  the  first  opportunity  of 
ing  for  the  rock,  and,  such  an  opportunity  having  occurred 
ng  the  past  summer,  I  now  give  the  results  of  my  work.  So 
918  I  am  aware,  there  are  only  three  references  to  this  variety, 

^ndd,  Memoirs  of  Geol.  Survey,  Geology  of  Rutland,  pp.  117-138;  Hudleston, 
Geol.  Assoc,  vol.  xi.  p.  104. 
iJole  and  Jennings,  Q.J.G.S.  vol.  xlv.  (1889)  p.  426.  '  p.  219. 
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In  his  great  memoir  on  the  Magnesian  Limeatone,  Pxof.  Sedgwidi 
has  the  following  passage :  ^ — **  The  very  thin  laminsd  of  the  lattei 
(t.0.  the  earthy,  finely-hedded  limestone)  Yariety,  which  ooeur  io 
ahnndance  near  Marsden  Rocks,  are  often  slightly  flexihle,  and  veij 
fine  specimens  of  flexible  magnesian  limestone  with  thicker  lamini 
occur  in  a  bed  near  the  middle  of  the  diff."  The  second  referenoi 
is  that  mentioned  above,  in  '*  The  Geology  of  England  and  Wales," 
and  is  to  the  same  e£feot;  while  the  third  occars  in  Baaerman'i 
Mineralogy^  under  the  heading  *' Dolomite,"  where  it  is  stated  thai 
the  stone  is  flexible  when  freshly  quarried,  implying  that  th( 
property  is  transient' 

It  would  thus  seem  as  if  the  Marsden  locality  were  the  onl; 
one  from  which  flexible  limestone  has  been  described,  bat  I  wa 
fortunate  enough  to  procure  beautiful  specimens  on  the  ooast  a  littl* 
south  of  Sunderland,  and  therefore  several  miles  from  Marsden 
which  lies  about  two  miles  south  of  the  mouth  of  the  Tyne.  Fo 
some  distance  south  of  the  Hendon  dock  the  cli£fs  consist  of  Glacia 
Drift ;  passing  this,  and  following  the  cli£fs,  now  composed  c 
Magnesian  Limestone,  shortly  before  coming  to  the  first  point 
position  is  reached  where  considerable  falls  of  stone  occasionall 
occur.  It  was  from  a  recent  fall  that  the  specimens  to  be  describe 
were  procured ;  the  spot  being  about  1000  yards  south  of  the  Bin 
House  Inn.  From  a  similar  fall  in  Marsden  Bay,  on  the  south  aid 
near  the  Eocks,  I  also  obtained  specimens,  but  theee  were  infezic 
to  those  from  Sunderland,  and  will  not  be  again  referred  to. 

The  cliffs  here  are  mainly  composed  of  a  laminated  magnesia 
limestone ;  that  from  above  being  earthy,  friable,  and  comparativel 
unaltered,  while  in  the  lower  portion  of  the  cliff  the  stone,  whil 
still  tending  to  split  along  the  bedding-planes,  which  are  vei 
clearly  marked,  has  been  compacted  by  the  re-crystallization  of  tl 
whole.  It  is  from  the  upper  part  that  the  flexible  variety  come 
Owing  to  the  strike  corresponding  approximately  with  the  trend  < 
the  coast,  the  outcrop  in  the  cliff  is  horizontal.  Bedding  is  vei 
perfect,  and  many  perfectly  level  slabs,  of  several  square  feet  i 
area,  have  been  brought  down  by  the  fall.  It  was  from  these  slal 
that  my  specimens  were  procured  ;  and  I  see  no  reason  why,  wit 
care,  very  large  specimens  showing  flexibility  might  not  be  obtaine< 
The  colour  of  the  stone  is  light  yellow,  the  surfaces  of  the  lamin 
are  coated  with  a  yellow  powder  which  soils  the  fingers,  laminatio 
is  sometimes  very  perfect  (-75  mm.),  the  whole  being  uniform] 
very  fine  in  grain,  and  requiring  careful  handling  because  of  ii 
softness  and  friability.  In  general  appearance  it  is,  indeed,  n< 
unlike  a  fine-grained  sandstone,  and  appears  to  have  resulte 
chemically  from  deposition  in  successive  layers.^ 

An  interesting  feature  is  the  occurrence  of  many  minute  nests  i 

^  Trans.  Geol.  Soc.  ser.  ii.  vol.  iii.  1836^.  87. 

'  Text-book  of  Descriptive  Mineralogjr,  H.  Bauerman,  p.  353. 

'  However  it  may  be  at  Marsden,  tlus  is  certainly  not  tbe  case  at  Sonderlam 
After  having  been  kept  in  a  dry  place  for  several  months,  the  specimens  from  ifa 
latter  locali^  have  undergone  no  loss  of  flexibility  whatever. 

*  fiedgwicK,  op,  eit.  p.  86. 
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;  mostly  of  aboat  thre»  or  four  millimetres  diameterk  These 
'  of  a  iSaowii  oolour  when  very  small,  but  when  larger  this 
ance  is  seen  to  be  due  to  a  ooating  of  ferruginous  matter 
lines  the  oavity  in  which  the  orystaTs  occur.  In  one  case  a 
t  geode  of  about  1  o.m.  in  diameter  and  lined  first  with 
iginoQB  coating  and  then  with  oalcite  crystals  occurred.  The 
m  of  auoh  a  nest  would  be  indicated  externally  only  by  a 
elevation  on  the  surfaces  of  the  lamina.  This  was  especially 
ae  with  the  geode  mentioned  above ;  its  position  was  clearly 
ted  by  a  slight  bulging  of  either  side  of  the  lamina  in  whic^ 
arred,  the  protuberance  being  flattened  and  marked  with  con* 
3  rings.  It  would  seem  as  if  such  a  geode  might  mark 
3ipient  stage  in  the  formation  of  some  of  the  concretionary 
urea  of  which  this  series  affords  so  many  beautiful  examples. 
simen  in  my  own  collection  may  well  have  originated  in  this 
it  is  flattened  on  one  side,  irregularly  dome-shaped  on  the 
with  a  cavity  open  on  the  flat  side,  and  extending  into 
tenor  of  the  dome.  There  are  no  cracks  or  any  other  com- 
ation  across  the  planes  of  bedding,  and  the  nests  occur  quite 
d — not  in  strings.  It  is  therefore  evident  that  they  have 
ited  in  the  bed  itself.^  These  structures  will  again  be  referred 
m  the  case  of  the  flexibility  is  dealt  with, 
inalysis  made  under  the  superintendence  of  my  friend  Mr.  W. 
LR.C.S.,  gave  the  following  results : — 

\j\,/%        •••         ••       •••       •••       •••       •■•       •••       40  4|0 

V^ltV/        •••       •■•        •■•        •••        •••        •••        •«•       0\/    f  «% 

Ju^vJ     ••«       ■••       •■•       •••       •■•       •••       •••       Zx'XDcF 

f  t7\^    •••    •■•    •••    •••    •••    •••    •••        (/ 1 0 
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Total 99*935 

^thstanding  the  friability  of  the  stone,  sections  can  readily 

pared  transverse  to  the  bedding  planes.     Mr.  F.  Chapman, 

repared  mine,  tells  me  he  had  no  difficulty  after  soaking  the 

tens  in  Canada-basalm.     A  low  magnifying  power  reveals  a 

number  of   irregularly-shaped   empty   spaces,   in   the   main 

•fid   linearly  in  directions  parallel  to  the  bedding,  but  also 

ing    promiscuously  through   the   section.'     With    a   1-inch 

ive  the  section  is  resolved  into  an  aggregate  of  grains  of 

-polarizing    dolomite,    the    larger    grains    averaging    about 

Q.  in  diameter,  with  a  very  few  minute  grains  of  quartz, 

)re  and  there  of  blue-  and  of  brown-coloured  minerals.    With 

sh,  and  still  better  with  an  ^-inch,  the  grains  are  seen  to  be 

lar  in    outline;    the    larger   grains   (sometimes   attaining  a 

er  of  '02  mm.)  frequently  appear  to  be  intergrown  in  such  a 

at  a  convexity  of  one  fits  into  a  convexity  of  another,  or  a  pro- 

into  a  depression.    Very  rarely  a  minute  piece  of  mica  occurs. 

tug  described  the  general  appearance  of  the  stone,  the  nature 

flexibility  remains  to  be  dealt  with.     In  every  case  I  find 

*  Sedgwick,  op.  eit, 

«  S«e  Woodcut,  Fig.  A.,  p.  123,  infra. 
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ibat  tlie  flexibility  diminishes  with  the  thickness  of  the  lamina; 
pieces  of  5  mm.  or  more  in  thickness  exhibit  the  peculiarity  in  only 
a  slight  degree,  while  the  laminas  of  1  mm.  or  less  are  very  flexible 
indeed.  Here,  however,  I  may  mention  that  the  behaviour  of 
specimens  obtained  from  the  same  slab  varied  very  much.  A  speci- 
men of  average  flexibility  and  of  1  mm.  or  less  in  thickness  feels 
almost  leathery,  bending  over  in  all  directions  when  held  by  one 
side  or  8U[)ported  in  the  middle.  A  strip — trimmed  down  with  a 
knife — 5*3  cm.  long,  2  5  cm.  wide,  and  1*5  mm.  thick,  supported 
at  one  end  so  that  5*3  cm.  projected,  gave  the  following  results. 
By  its  own  weight  (4*4  grains)  the  strip  bent  until  the  free  end 
was  1*6  cm.  lower  than  the  point  of  support.  Now  suspending  it 
vertically  it  straightened  itself  in  a  few  seconds  and,  on  being  turned 
over  and  once  more  supported  at  the  same  end,  bent  as  before, 
but  to  not  quite  the  same  amount.  By  pressing  the  free  end  with 
the  finger  it  was  brought  3-1  cm.  below  the  horizontal,  when  the 
strip  broke  oflF  close  to  the  point  of  support.  Experimenting  with 
another  piece  ;  after  a  little  pressure  had  been  applied  to  the  free 
end,  it  straightened  when  suspended,  but,  when  once  more  supported  at 
one  end  in  the  same  position,  it  assumed  by  its  own  weight  a  position 
approximating  to  that  which  it  had  been  before  bent  by  pressure. 

With  regard  to  the  cause  of  flexibility  I  can  only  offer  the  foUow- 
idg  suggestions.  In  the  first  place,  room  for  internal  movement  is 
provided  for  by  the  abundance  of  empty  spaces,  and  in  the  second, 
the  structure  revealed  by-high  magnifying  powers  suggests  the  possi- 
bility that  many  of  the  grains  are  interlocked*  in  such  a  way  as  to 
permit  of  a  certain  amount  of  movement  upon  one  another.^  Such 
an  explanation  would  not  be  incompatible  with  the  coherency  of  the 
rock  ;  as  a  matter  of  fact  the  coherency  is  very  slight,  the  material 
crumbling  to  pieces  with  great  readiness :  moreover,  many  of  the 
grains  are  to  be  bound  together  in  such  a  way  that  their  margins 
cannot  be  made  out.  Owing  to  the  small  size  of  the  grains,  it  is 
impossible  to  demonstrate  whether  they  have  such  power  of  move- 
ment or  not. 

The  empty  spaces  have,  no  doubt,  resulted  from  the  removal 
of  carbonate  of  lime  by  percolating  water.  The  bedding-planes  have 
afforded  the  easiest  passage,  and  it  is  along  these  planes  that  the 
cavities  for  the  most  part  occur.  It  would  appear  as  if  much  of  the 
material  so  dissolved  had  been  redeposited  as  calcite  in  the  geodes. 
•  2.  The  Cause  of  Flexibility  in  **  Itacolumite.'* — Before  considering 
this  question,  it  is  very  necessary  to  arrive  at  some  sort  of  an  under- 
standing as  to  what  the  rock  which  has  been  known  as  "Itacolumite," 
"  Flexible -Sandstone,"  '*  Flexible -Quartz,"  and  a  variety  of  other 
names,'  really  is.  Towards  the  close  of  the  last  century  a  peculiar 
siliceous  rock  was  noticed  in  Brazil.  Attention  was  directed  to  it 
prrincipally  because  it  often  constituted  the  matrix  in  which  diamonds 
occurred,  but  also  because  thin  pieces  of  it  were  sometimes  found  to 
be  flexible.     Owing  to  its  occurrence  in  the  mountains  of  Itaoolumi, 

»  See  Woodcut,  Fig.  B.,  p.  123,  infra,   ' 

»  Third  Keport  on  thfe  Gcognoslic  Survey  of  South  Carolina,  1848,  p.  85,  et.  seq. 
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•«ar1y  writers  referred  to  it  as  '^Itacolumite";  a  list  of  such  referenoes 
will  be  foand  in  Zirkel's  "Lehrbuch  der  Petrographie"  (Bd.  ii.  p.  484:). 

Subsequently  similar  rocks,  also  occasionally  exhibiting  flexibility, 
were  discovered  in  other  parts  of  the  world,  more  especially  iu  the 
Soathem  States  of  North  America,  and,  at  a  later  date,  in  India. 

The  term  "  Itacolumite "  has  been  applied  to  the  rock  itself  by 
most  writers;  Tiiomey,  who  restricts  it  to  the  flexible  variety,  is 
an  exception.  The  accounts  given  of  the  rock  are  fairly  consistent, 
all  agreeing  in  describing  it  as  a  stratified  and  granular  variety  of 
qnartzite ;  frequently,  especially  in  the  case  of  the  Brazilian  and 
Carolina  specimens,  a  good  deal  of  mica  occurs  upon  the  bedding- 
planeB. 

Coming  now  to  the  terms  applied  to  the  flexible  portion,  "  Sand- 
stoud"  may  be  objected  to  on  the  ground  that  flexibility  is  at  present 
unknown  in  unaltered  siliceous  sedimentary  rocks,  but  Prof.  Derby 
kas  pointed  out  ^  that  there  is  no  reason  why  it  should  not  occur  in 
landstone. 

Almost  withont  exception  the  flexibility  sometimes  exhibited  by 
** Itacolumite"  has  been  ascribed  to  the  quartz  grains  being  en- 
Teloped  by  a  flexible  mineral  variously  referred  to  as  mica,  sericite, 
talc,  or  chlorite.  As  exceptions  I  may  mention  Klaproth  and  Prof. 
Haaghtoii,  both  quoted  ^  by  Mr.  Oldham,  and  von  Hausmann,  referred 
to  by  Zirkel.^  Leibner,  in  the  report  on  South  Carolina  before 
quoted,  devotes  a  good  deal  of  attention  to  the  cause  of  flexibility, 
and  considers  that  four  conditions  must  be  fulfilled,  viz. : 

1.  "  Fineness  of  grain." 

2.  "  Sufficient  admixture  of  mica  or  talc." 

3.  **  Delicately  laminated  structure." 

4.  "Certain  degree  of  compactuess  iu  the  constituents  of  each 
lamina." 

In  this  way  he  explains  the  very  local  occurrence  of  portions, 
since  all  the  conditions  must  be  fulfilled  simultaneously.  It  would 
seem  as  if  the  flexible-mineral  theory  was  at  first  nothing  but  a 
suggestion,  but  Leibner  definitely  gives  his  assent  to  it.  Leaving 
the  older  views — which  are  still  given  in  most  text-books — two  im- 
portant papers  have  been  lately  published  by  Mr.  Oldham,*  and  by 
Prof.  O.  Miigge  respectively,*  which  propound  quite  different  views 
as  to  the  cause  of  flexibility.  To  these  may  be  added  a  third  by 
Prof.  Derby  •  on  the  mode  of  occurrence  of  the  Brazilian  specimens. 
Prof.  Derby's  paper  deals  with  the  very  local  occurrence  of  flexible 
portions  in  the  Itacolumite  Series ;  the  same  mass  of  rock  may 
contain  **  massive  and  schistose,  compact  and  friable,  non-flexible 

^  Am.  Joarn.  Sci.  xxviii.  1884,  p.  20.5. 

'  Rec.  Geol.  Surv.  India,  vol.  xxii.  pt.  1,  1889,  p.  53. 

'  Lehrbuch  der  Petrographie,  188G,  Bd.  11,  p.  482. 

*  On  Flexible  Sandstone  or  Itacolumite,  R.  D.  Oldham,  A.R.S.M.,  Records  Geol. 
8anr.  India,  vol.  xxii.  pr.  1,  1889. 

*  Ceber  "  Gelenksandstein "  au3  der  Unigegend  von  Delhi  0.  Miigge,  Neuen 
Jahrbuch,  Bd.  i.  1887. 

*  On  the  Flexibility  of  Itacolumite,  Orville  A.  Derby,  Am.  Journ.  S-i.  vol.  xxviii. 
1884. 
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and  flexible  portions,  within  a  distance  of  a  few  centimetres;  and  in 
exactly  the  same  relative  position  in  the  bed."  The  author's  con- 
dasion  is  that  flexibility  is  a  phtue  of  weathering.  Tuomej  came  to 
the  same  conclusion  with  regard  to  the  South  Carolina  stone,  but 
Leibner  differed  from  him. 

Miigge  describes  the  Delhi  stone,  lliere  is  a  very  little  mus- 
oovite,  but  so  small  a  quantity  that  it  cannot  possibly  give  rise 
to  the  flexibility.  A  small  amount  of  clayey  matter  is  present, 
not  surrounding  the  quartz  grains,  but  in  patches  which  are  not 
sufficient  to  fill  the  interspaces ;  the  quartz  is  therefore  much  clearer 
than  in  ordinary  sandstones,  and  the  grains  are  in  direct  contact 
with  one  another ;  moreover,  the  grains  have  a  very  irregular  out- 
line (comparable  to  Babel-quartz),  being  very  different  in  appearance 
from  those  of  common  sandstone.  When  examined  in  thin  sections 
by  means  of  polarized  light,  the  quartz  grains  are  seen  to  be  hooked 
together.  This  interlocking  accounts  for  the  grains  holding  together, 
and  at  the  same  time  allows  of  a  certain  amount  of  movement  taking 
place,  space  for  movement  being  afforded  by  the  decomposition  of 
the  clayey  patches.  In  this  way  the  author  thinks  the  flexibility 
can  be  explained.  Dealing  briefly  with  the  Brazilian  stone,  he 
shows  that  the  quartzes  present  an  appearance  almost  identical  with 
the  Indian ;  there  is  very  little  clayey  material,  so  that  a  section  is 
almost  as  clear  as  water;  while  muscovite  occurs  only  in  small 
quantity,  and  in  flakes  much  too  short  to  envelop  the  quartz-grains.. 
It  is  suggested  that  the  structure  of  these  rocks  originated  by  a 
partial  removal  of  the  cementing  material;  the  quartz-grains  then 
resumed  their  growth,  but  the  supply  of  material  failed  before  the 
interspaces  left  on  the  removal  of  the  clayey  matter  were  completely 
filled. 

Mr.  Oldham,  also  dealing  with  the  Delhi  specimens,  arrived 
independently  at  the  same  results.  In  India,  as  in  Brazil  and  in  South 
Carolina,  flexibility  is  correlated  with  decomposition.  Examined 
under  the  microscope  by  reflected  light  a  number  of  quartz- 
aggregates,  separated  by  vacant  spaces  which  appear  to  be  ramifying 
fissures,  are  seen.  These  aggregates  can  be  moved  by  a  needle 
without  displacement,  the  movement  being  the  result  of  the  grains 
being  hinged  together,  a  projection  from  one  fitting  into  a  depression 
in  another.  He  also  notices  the  occasional  presence  of  felspathio 
paste,  which,  by  its  relative  abundance  and  mode  of  distribution, 
determines  the  degree  of  flexibility  that  will  be  possible  on  its  de- 
composition and  removal.  Having  regard  to  the  subject  of  this  paper, 
one  of  the  specimens  described  by  Mr.  Oldham  is  of  special  interest. 
It  is  a  variety  from  Charli,  south  of  the  Pemganga  River  (Berar). 
'*  An  ordinary  soft  sandstone  of  rounded  grains  of  quartz,  with  a 
little  felspar,  held  together  by  a  cement  of  carbonate  of  lime, 
which  forms  35*9  per  cent  of  the  whole  mase}  Here  there  is  no 
comparatively  soluble  material  whose  removal  leaves  the  rest  of  the. 
voek  as  a  mass  of  irregular  aggregates  interlocking  with  each  other,, 
for  on  removal  of  the  cement,  by  solution,  the  rock  falls  into  sand.' 

1  The  italics  sre  mine. 
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But  is  tbe  tmAmtA  snifaoe  of  the  rock  is  examined,  an  abundanoe 
of  shoeny  pababea  poiot  to  %  otTatallization  of  the  oementiDg  matrix, 
■nd  these  orratala  offer  a  number  of  planes  in  Tarioue  directions 
•tang  which  solntion  prooeeda  with  greater  rapidity  than  elsewhere ; 
•nd  BB  a  raralt  the  rook  becomes  divided  into  irregular  interlocking 
aggregates  of  sand  and  calcite."  '  The  mode  of  interlooking  in  bo& 
varieties  is  tlloatnited  by  drawings.  , 


Btl.  9-.  W.  (krrf. 

Ka>  Ar^-TkoDila  limartona  cut  transTene  to  bedding,  utd  ilioiTiiig 
emptj  qiaees.     x  10,     (p,  119.) 


Btl.  Of'^  n:  Card. 
Fio.  B.— Fleiible  Limntoaa  li^ghlj  maenified.  x  about  400.  (p.  120.) 
An  examination  of  a  section  of  the  North  Carolina  material  in 
the  collection  of  this  institution  gives  similar  results  :  the  quartzes 
■re  Tery  olear,  hare  very  irregular  outlines,  and  are  generBlI;  in 
direct  oontaot;  there  are  a  number  of  cavities,  and  apparently  an 
■rticnlation  of  the  grains,  while  mica  is  present  in  very  small 
quantity  only. 

3.  It  will  now  be  useful  to  briefly  compare  these  "  sandstones  " 

vith  the  Durham  Limestones.    In  thin  laminae  the  flexibility  is  very 

nmilar  in  degree^  Leibner  found  that  a  strip  of  Caroliua  Sandstone, 

very  similar  in  dimensions  to  the  strip  of  limestone  used  by  myself,   ' 

<  p.  64. 
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but  a  little  thicker  (iV-inch),  bent  under  pressure  through  a  vertical 
distance  equal  to  somewhat  less  than  half  the  length  of  the  strip ; 
the  limestone  gave  slightly  higher  results,  but  was  somewhat  thinner 
(1'5  mm.).  In  slabs  of  greater  thickness,  however,  the  superior 
flexibility  of  the  Itacolumite  is  very  marked;  thus  Mr.  Oldham  found 
a  piece  17  inches  long  by  '75  inch  thick  bent  through  7  inches  of  its 
own  weight,  while  in  slabs  of  limestone  of  5  mm.  thickness  flexibility 
becomes  very  slight.  They  agree  also  in  a  decrease  of  flexibility 
accompanying  increase  of  thickness.  In  both  cases  the  occurrence 
of  flexible  portions  is  very  local ;  this  has  already  been  referred 
to,  but  it  may  be  mentioned  further  that  fine-grained,  bedded,  non- 
flexible  limestones  occur  in  the  neighbourhood,  and  it  would  be 
interesting  to  know  whether  these  non-flexible  beds  possess  the 
internal  structure  described  above.  It  is,  however,  in  internal 
structure  that  the  resemblance  is  most  marked,  both  exhibiting  a 
number  of  vacant  spaces  accompanied  by  an  interlocking  of  the 
constituent  crystalline  grains.  Flexibility  would  thus  seem  to  arise 
from  similar  causes ;  we  have  room  for  movement  aflbrded  by  empty 
spaces,  the  result  of  solution  of  carbonates  in  the  one,  and  of  the 
decomposition  and  removal  of  patches  of  felspar  in  the  other ;  while 
the  direct  cause  of  bending  is  the  interlocking  of  the  grains. 

It  i&  well  known  that  a  distinct  sound  is  heard  when  flexible  sand- 
stone is  bent ;  the  limestone  does  not  give  rise  to  any  sound  that 
is  audible,  but,  from  the  inferior  hardness  of  calcite,  as  compared 
'with  quartz,  this  is  no  more  than  might  be  expected. 

Lastly,  there  is  the  occurrence  of  the  calcareous  rock  at  Charli. 
This  ma}',  indeed,  be  regarded  as  a  connecting  link  between  flexible 
Itacolumite  on  the  one  hand  and  flexible  limestone  on  the  other. 
It  is  not  only  that  it  contains  a  certain  proportion  of  carbonate  of 
lime ;  that  might  be  quite  a  matter  of  detail ;  but  from  the  passage 
quoted  above  it  would  seem  that  the  calcite  plays  an  important  part, 
forming  interlocking  aggregates,  and  affording  the  space  necessary 
for  movement  by  its  solution.  Moreover  it  is  described  as  a  common 
sandstone,  the  grains  of  quartz  being  somewhat  rounded ;  this  would 
seem  to  emphasize  the  presence  of  the  calcite,  as  it  is  not  clear  what 
part  such  quartz  can  take  in  effecting  movement. 

In  conclusion,  now  that  a  number  of  rocks  are  known  to 
exhibit  the  property  of  binding  without  fracture,  in  each  case  the 
phenomenon  being  no  more  than  a  natural  concomitant  of  certain 
phases  of  alteration,  the  undesirability  of  giving  distinctive  names  to 
the  different  varieties  will  be  at  once  apparent.  Indeed,  there  seems 
no  reason  why  many  other  varieties  should  not  also  occur,  although, 
from  the  nature  of  the  conditions  to  be  fulfilled,  we  cannot  expect 
to  find  flexible  beds  in  considerable  quantity. 

I  have  already  acknowledged  my  indebtedness  to  Prof.  Judd,  and 
it  only  remains  to  state  that  this  work  has  been  carried  out  in  the 
Geological  Laboratory  of  the  Royal  College  of  Science. 
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I.~CLA>BSUnCATION  OF  THE  MoAS  (DlNOBNITUIDis)  OF  New  ZEALAND. 

WE  have  received  from  Prof.  F.  W.  Button,  F.G.S.,  an  abstract  of 
a  paper  read  by  bim  at  tbe  Canterbury  Pbilosopbical  Institute 
on  Oct  Isty  1891,  in  wbich  tbe  classification  of  tbe  extinct  fligbtless 
birds  of  New  Zealand  iB  discussed.  Mr.  Lydekker  baving  recently 
treated  the  aabject  at  lengtb  in  tbe  British  Museum  Catalogue  o^ 
Fossil  Birds,  from  an  examination  of  tbe  material  now  in  tbe 
Museums  of  London,  Capt.  Hutton's  work  is  especially  opportune  ; 
and  it  is  to  be  hoped  tbat  before  tbe  printing  of  this  memoir,  based 
upon  the  unrivalled  specimens  in  the  New  Zealand  Museums,  tbe 
author  will  have  tbe  opportunity  of  incorporating  tbe  results  of  bis 
British  co-labourer.  Both  Mr.  Lydekker  and  Capt.  Hutton  recog- 
nize several  new  specific  types,  and  it  is  especially  desirable  tbat 
the  forms  just  determined  by  Mr.  Lydekker  should  not  be  re-named 
in  tbe  forthcoming  work. 

Captain  Hutton  regards  tbe  known  Dinornithidad  as  divisible  into 
seven  genera  and  twenty-six  species.  '*Tbe  genera  are  founded 
chiefly  on  the  skulls,  but  also  bave  characters  derived  from  tbe 
sternum,  pelvis,  and  tbe  robustness  of  tbe  leg-bones.  Tbe  species 
are  distinguished  almost  entirely  by  size,  but  sometimes  characters 
derived  from  tbe  skull  can  be  given.  In  many  cases  the  species  run 
one  into  the  other,  and  the  Hues  between  them  are  drawn  so  as  to 
give  about  an  equal  range  in  variation  to  each  species." 
llie  generic  diagnoses  are  as  follows  : — 

Genus   Dinornis.    Skull  depressed,   the  lambdoidal  ridge    flattened    and    the 

parietals  hardly  rising  above  it ;  tlie  breadth  at  the  squamosals  greater  than 

the  length  from  the  supra-occipital  to  the  nasals.     Beak  rather  longer  than 

the  head,  depressed  and  obtuse  at  the  tip  ;  the  lower  jaw  much  curved.     A 

Bcapulo-coracoid  without  any  glenoid  cavity.     Including  sub-genus  Dinornis 

(**  Top  of  head  flattened")  with  species  aitusy  maximusj  giganteusy  robitstm^ 

ingenny  and  four  new  apecies;    also  sub-genus  Tglopteryx  ("Top  of  head 

elevated**)  with  species ^raft//>,  struthioidtft,  and  one  new  form. 

Genus  Palaptekyx..     Skull  depressed  ;  the  breadth  of  the  scmamosals  less  than 

the  length  from  the  supra-occipital  to  the  nasals.     Beak  about  as  long  as  the 

head,  more  compressed  than  in  Dinornis ;  the  lower  jaw  nearly  straight. 

A  scapulo-coracoid  with  a  glenoid  cavity  and  probably  a  wing.    Including 

P.  dromioides  and  one  new  species. 

Genus  Anomalopteryx.     Skull  very  convex,  the  maxillo-jugals  curved.     Beak 

short,  slightly  compressed  and  rounded  at  the  top  ;  the  lower  jaw  strong  and 

nearly  straight.     A  small  scapulo-coracoid.     Including -4.  «/»(3?</or//»i*  (  =  ^. 

parvus),  and  one  new  species. 

Genus  Cela.     Skull  convex.     Beak  short,  slightly  compressed  and  rounded  at  the 

tip ;  the  lower  jaw  nearly  straight  and  rather  slighter  than  in  Anumalopttrgx. 

^o  scapulo-coracoid.    Including  C.  gcranoides  and  0.   curtus  {=  Dinornis 

Ou'cni,  Haast). 

Genus  Mesoptehyx.     Skull  convex,  angled  behind.    Beak  shorter  than  the  head, 

moderately  curved,  much  compressed  and  pointed  at  the  tip ;  the  lower  jaw 

slender.    No  scapulo-coracoid.     Inclutling  ^[.  didinus  {  =  Dinorni8  Ifttttoni), 

Genua  Syornis.     Skull  convex,  rounded  behind.     Beak  shorter  than  the  head, 

moderately  curved,  much  compressed  and  pointed  at   the   tip ;   lower  jaw 

strong.    IVo  scapulo-coracoid.     Including  S.  rhcides^  crassusy  and  casimrinus. 

Genus  Euryapteryx.     Skull  moderately  convex.     Beak  very  short  and  stout, 

slightly  compressed  and  rounded  at  the  tip  ;  the  lower  jaw  moderately  curved. 

No  scapulo-coracoid.     Including  E.  eUphantopus  and  E.  gravis^  with  two 

new  specie^ 
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In  a  popular  summary  of  bis  results,  oontributed  to  a  local  news- 
paper, Captain  Hut  ton  makes  some  interesting  comments  on  the 
remarkable  diversity  thus  recognized  among  the  extinct  Strotbious 
birds  of  New  Zealand.  He  considers  that  a  plausible  explanation 
of  the  facts  may  be  deduced  from  the  known  distribution  of  the 
existing  Cassowary.  One  species  inhabits  Australia  at  the  present 
day,  and  eight  others  occur  on  the  islands  from  New  Britain  to 
<7eram.  The  eight  species  inhabit  five  di£ferent  islands,  **  and  if  this 
region  of  the  earth  wera  to  be  elevated,  and  the  islands  joined 
together,  these  eight  species  would  mingle.  If  the  region  were  to 
fiink  once  more  tdl  of  them  would  be  driven  to  the  highest  land, 
«nd  might  be  crowded  into  one  small  island.  Now,  we  know  from 
geology,  that  New  Zealand  has  gone  through  a  series  of  changes  in 
level,  similar  to  those  just  mentioned.  In  the  Miocene  period  it 
■consisted  of  a  cluster  of  several  islands,  which  were  elevated  and 
united  in  the  older  Pliocene,  and  ultimately  divided  into  the  two 
islands  we  have  now  in  the  newer  Pliocene.  If  the  ancestors  of 
the  Moas  inhabited  New  Zealand  during  the  Eocene  period,  they 
must  have  been  separated  on  these  islands  during  the  whole  of  the 
Miocene,  and  mingled  together  again  in  the  Pliocene.  In  this  way — 
i.e,  by  isolation — probably  the  genera  originated,  but  the  species 
appear  to  be  due  to  variations  without  isolation.  As  is  the  case  with 
most  common  animals,  the  Moas  varied  greatly,  and,  there  being  no 
carnivorous  mammals  to  hold  them  in  check,  while  vegetable  food 
was  abundant,  natural  selection  did  not  come  into  play,  and  the 
intermediate  forms  were  not  strictly  eliminated.  Under  such  favour- 
able circumstances  the  conditions  of  life  were  easy,  and  the  birds 
got  larger  and  fatter,  more  sluggish  and  more  stupid.  The  oldest 
known  Moa  is  one  of  the  smallest,  and  it  is  the  smaller  species  which 
are  found  in  both  islands  ;  from  which  we  may  infer  that  they  were 
the  only  ones  in  existence  when  the  two  islands  were  united,  and 
that  the  Moas  since  then  increased  in  size.  But  the  very  large 
Moas  were  always  comparatively  rare.  The  commonest  kinds  in 
the  North  Island  were  only  from  two  and  a  half  to  four  feet  high, 
while  those  of  the  South  Island  were  mostly  from  four  to  six  feet 
in  height.  The  giant  forms,  going  up  twelve  and  thirteen  feet,  were 
seldom  seen." 

Such  speculations  are  an  incentive  to  further  research,  and  both 
zoologists  and  geologists  will  anxiously  await  the  appearance  of  a 
memoir  that  will  evidently  touch  problems  of  very  wide  import. 

11. — MfiMOiRK  SUR  LA  Faune  DU  Gres  Armoricain,  par  Charlbs 

Barrois.    Annales  de  la  Societe  Geologique  du  Nord,  Tome  xix. 

pp.  134-237,  Pis.  I.-V.     April,  1891. 

rpHE  rocks  in  Brittany  known  as  the  'gres  armoricain,'  have  a 

L      special  interest  from  the  fact  that  they  are   pretty  well   the 

lowest  in  France  from  which  speciBcally  determinable  fossils  have 

been   obtained.     M.  Lebesconte   has   partly  described  and  figured 

from  them,  fragments  of  Trilobites  belonging  to  the  genera  Ogygia 

and  Homalonottia  and  some  years  since  the  late  Dr.  T.  Davidson  * 

»  Gbol.  Mao.  Vol.  VII.  (1880),  p.  342,  Pi.  X. 
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fignred  and  described  in  the  pages  of  the  Gkologioal  Maqazikb 
seTeral  species  of  Ungvla  from  the  same  horizon.  A  few  other 
fonils,  Mollusoa  principally,  were  also  known  in  these  beds ;  bnt 
owing  to  the  fact  that  these  forms  were  in  poor  preservation, 
existing  only  as  monlds,  no  systematic  attempt  had  been  made  to 
determine  them.  In  spite  of  this  obstacle  Dr.  Barrois  has  suc- 
ceeded in  working  oat  this  group,  and  has  described  and  figured 
in  this  memoir  no  fewer  that  29  species  of  Lamellibranchs,  13  of 
which  are  new  forms.  The  principal  genera  represented  are 
Actinodonta,  Phillips ;  Lyrodesma,  Conrad ;  Bedonia,  Rouault ;  Gfefio- 
dffnta,  Salter ;  NucuHteSf  Conrad  ;  Nuculana,  Link ;  Oyrlodonta, 
Billings ;  Modiolopsia,  Hdl,  and  Hippomya,  Salter.  The  Gasteropoda 
are  incladed  in  PaToBacmosa,  Hall,  and  Bucania,  Hall,  and  there  is 
a  single  species  of  Conularia.  There  are  also  some  Crustacea  referred 
to  Myoearia,  Salter;  Ceratiocaris,  M'Coy,  and  Trigonocarys,  gen.  noT. 
Specimens  of  the  peculiar  fossil  Discophyllum  (Actinophyllum)  pUcatum, 
Phillips,  sp.,  also  occur  in  the  gres  armoricain,  and  they  are  ranked 
by  the  author  as  calcareous  sponges,  similar  to  those  of  the  family 
Pharetrones,  Zittel ;  but  after  a  careful  examination  of  Phillips* 
types,  we  fail  to  recognize  any  characters  which  can  ally  them  to 
sponges. 

Including  forms  previously  known,  Dr.  Barrois  now  enumerates 
a  list  of  45  species  of  invertebrate  fossils  from  the  *  gres  armoricain ' 
in  the  departments  of  Illeet-Vilaine  and  Loire  Inferieure. 

Taking  into  account  the  occurrence  of  the  genera  Ogygia  and 
Eotaalonolus,  and  of  the  Lamellibrancbiata  now  described,  the  author 
is  fully  justified  in  concluding  that  the  fauna  cannot  be  Primordial, 
bnt  he  considers  that  it  is  intermediate  between  this  latter  and  the 
Llandeilo  fauna.  There  is  a  very  significant  similarity  betweein 
many  of  the  Lamellibranch  genera  of  the  *  gres  armoricain  *  and 
those  occurring  in  the  Trenton  and  Chazy  groups  of  Canada  and  the 
United  States,  thus  indicating  a  nearer  relation  to  these  rocks  them 
to  the  underlying  Calciferous  formation  in  these  countries.  Again, 
when  compared  with  British  strata,  the  niolluscan  fauna  of  the 
*gr^  armoricain,'  approaches  nearer  to  that  of  the  base  of  the  Arenig 
than  to  that  of  the  older  Tremadoc.  If  this  supposition  is  correct, 
the  fauna  of  the  *  gr^s  armoricain '  cannot  correspond  with  the 
earliest  period  of  the  second  Silurian  fauna,  and  consequently 
neither  a  Tremadoc  nor  a  Primordial  fauna  has  yet  been  discovered 
in  Brittany.  Notwithstanding  the  identity  of  the  Bilobites  and 
Scolites  in  the  *  gr^s  armoricain '  with  those  of  the  Lingula  Flags, 
the  author  states  that  these  rocks  cannot  be  compared  together  in 
point  of  age. 

Touching  the  classification  of  the  schists,  conglomerates,  phyllades, 
etc.,  which  in  Brittany  occur  beneath  the  *gre8  armoricain,'  con- 
siderable differences  of  opinion  exist  among  French  geologists,  but 
Dr.  Barrois  adopts  that  of  Dufrenoy,  and  considers  the  f^tage  of 
Gourin  to  correspond  with  the  horizon  of  the  Primordial  fauna,  and 
the  phyllades  of  St.  L6  with  the  Longmyndian  of  Callaway. 

G.  J.  H. 
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III. — Om  mynningbn  hob  Lituites,  Breyn.  Af  Gerhard  Holx. 
GeoL  Foren.  ForhandL  No.  140,  Bd.  13,  Haft  7,  1891. 

On  the  Aperture  in  the  genus  Lituites^  Bretn.  By  Gerhard 
Holm.  Transactions  of  the  Geological  Society  in  Stockholm, 
Vol.  13,  pp.  736-780,  Pis.  10-12. 

THE  terminal  aperture  of  the  shell  in  the  Lower  Silurian  Cepha- 
lopod  genus  Lituites^  Breyn,  is  so  seldom  preserved  intact,  that 
di£ferent  views  have  been  maintained  respecting  its  true  form. 
Quenstedt  stated  that  it  was  furnished  on  the  ventral  side  with  two 
projecting  straight  lobes.  Noetling  showed  later  that  there  were 
four  of  these  lobes,  one  pair  on  the  ventral  and  the  other  on  the 
dorsal  side;  but  in  the  lately  published  Brit.  Mus.  Oat.  of  the 
Oephalopoda,  A.  H.  Foord  adopts  the  statements  and  figures  of 
Lessen  that  not  more  than  two  incurved  lobes  are  present,  and 
considers  Noetling's  observations  erroneous.  Dr.  Holm  has  obtained 
some  very  perfect  individuals  both  of  Lituites  lituus,  Montf.,  and 
X.  tenuicauliSf  Rem.,  which  show  clearly  that  in  the  aperture  of  these 
species,  there  is,  in  addition  to  the  two  pairs  of  lobes  described  by 
Noetling,  another  small  unpaired  lobe  on  the  dorsal  side,  so  that, 
when  complete,  there  are  five  lobes.  This  number  seems  to  prevail 
in  the  majority  of  the  species,  but  the  author  describes  a  new  form, 
L.  discorSf  in  which  only  three  lobes  are  present,  and  another, 
L.  ^roicurrens^  which  may  possibly  only  have  possessed  two  lobes, 
and  on  account  of  its  strongly  marked  conical  form  would  come  into- 
the  so-called  genus  Anciatroceras. 

A  new  t^pecies  of  Cycloliiuites,  Remele,  is  also  described,  which 
definitely  shows  that  the  forms  placed  in  this  genus  are  not  merely 
the  loose  spirals  of  species  of  Lituites,  but  distinct  members  of  the 
Lituitidae  family,  from  which  probably  the  typical  Lituites  have  been 
developed.  G.  J.  H. 

rV. — The  Fossil  Insects  of  North  America,  with  Notes  on 
SOME  European  Species.  By  Samuel  H.  Scudder.  VoL  I. 
The  Pretertiary  Insects,  with  Thirty-five  Plates.  4to.  pp.  456. 
Vol.  II.  The  Tertiary  Insects  of  North  America.  4to.  pp.  734, 
with  Twenty-eight  Plates.*  New  York  :  Macmillan  <fe  Oo.   (1891). 

THE  Essays  contained  in  the  first  volume  of  the  present  work 
have  (the  author  tells  us)  no  logical  connection.  They  were 
written  and  printed  at  diflferent  times  during  the  past  twenty-five 
years,  and  are  here  issued  exactly  as  first  printed.  But  they  cover 
nearly  the  whole  of  a  single  limited  field  in  palaeontology,  of  which 
the  author  may  bo  said  to  be  almost  the  sole  exponent  in  America. 
Mr.  Scudder's  name  is  now  as  familiar  to  European  Palaeontologists 
as  it  is  to  those  of  America,  and,  so  long  ago  as  1868,  he  communi- 
cated to  the  Geological  Magazine,  at  the  request  of  Sir  Oharles 
Lyell,  a  most  valuable  digest  "On  the  Fossil  Insects  of  North 
America,"  so  far  as  then  known  (Geol.  Mao.  Vol.  V.  pp.  172-177, 
and  pp.  216-222). 

A  For  a  Keyiew  of  toI.  ii.,  see  Geol.  Mao.  1891,  Decade  III.  VoL  VIII* 
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1.  The  Tolaine  opens  with  an  essay  on  *'  the  first  discovered  traces 
of  Eossil  Nenropterous  Insects  in  North  America/'  and  was  read 
befors  the  Boston  Society  of  Natural  History,  in  January,  1865, 
(poUished  in  1866  with  one  plate). 

8.  The  seoond  is  on  **  the  Carboniferous  Myriapods  preserved  in 
the  Sigillarian  stamps  of  Nova  Scotia." 

8.  Next  follows  a  short  essay  on  **  the  early  types  of  Insects ;  or 
the  origin  and  sequence  of  Insect-life  in  Palaeozoic  Times." 

i.  The  fourth  paper  on  "  Palseozoic  Cockroaches,"  with  a  revision 
if  ike  gpecies  of  hoik  worlds,  and  an  essay  on  their  claftsification 
(Oliistrated  by  five  quarto  plates),  is  one  of  Mr.  Scudder*s  most 
importsnt  contributions. 

At  first  glance  at  the  plates  it  would  appear  as  if  the  materials  at 
the  totbor's  disposal  were  better  preserved  and  more  abundant  than 
QBoally  falls  to  the  lot  of  any  single  student  of  fossil  insects ;  but 
the  figures  occupying  the  first  three  plates  out  of  the  five  illustrating 
this  paper,  are  copies  from  the  plates  of  Germar,  Goldenberg,  Giebel, 
Heer,  eta,  of  all  the  then  known  European  forms  (1879),  the  last 
two  only  being  drawn  from  original  American  specimens.^ 

It  is  doubtless  a  very  great  convenience  to  have  the  whole  of  the 
forty-nine  European  forms  redrawn  and  brought  together  thus  for 
oomparison  with  the  eighteen  American  species,  but  the  complete 
Tmnbn  of  all  the  European  species,  from  the  figures  and  descriptions 
akme,  must  be  a  somewhat  hazardous  task  without  seeing  the 
original  specimens  as  well.  However,  we  may  be  very  thankful  to 
Hr.  Scudder  for  his  scheme  of  classification,  nor  are  we  likely  to 
better  it,  for  some  time  to  come. 

The  specimens  figured  are  all  detached  wings,  and  the  proposed 
arrangement  is  based  solely  upon  their  neumtion. 

6.  The  next  Memoir  is  on  "The  Devonian  Insects  of  New 
Brunswick  "  (illustrated  by  Plate  7),  first  described  and  figured 
(by  Scudder)  in  a  paper  by  Sir  William  Dawson  in  the  Geol.  Mao. 
1867  (Vol.  IV.  pp.  385-388,  PI.  XVII.  Figs.  1-5). 

6.  The  sixth  Memoir  is  on  the  **  Archipolypoda,  a  subordinal  type 
of  spined  Myriapods  from  the  Carboniferous  formation  "  (with  four 
plates).'  This  Essay  is  particularly  interesting  to  English  palaeon- 
tologists on  account  of  the  discovery  of  similar  forms  of  spined 
Myriapods  in  the  English  Coal-measures.^ 

7.  ITie  next  paper  is  on  "  The  Carboniferous  Hexapod  Insects  of 
Great  Britain,"  and  describes  and  figures  (a)  Brodia  priscotincta, 
Scudder,  from  a  Clay  Ironstone  nodule  of  the  Coal-measures,  Tipton, 
Staffordshire ;  (originally  described  and  figured  (as  a  woodcut)  in 
GiOL.  Mao.  Dec.  II.  Vol.  VIII.  p.  293, 1881).  (6)  Archceoptilus  ingens, 
Scudder,  a  fragment  of  the  base  of  the  wing  of  a  large  Neuropterous 
insect,  from  the  Coal-measures  near  Chesterfield,  Derbyshire,  and 

^  Mem.  Soc  Nat.  Hist.  Boston,  4to.  yoI.  iii.  pp.  23-134,  pis.  2-6. 

'  Oriffinallj  published  Mem.  Boston  Soc.  Nat.  Hist.  yoI.  lii.  No.  ▼.  pp.  143-182, 
pis.  x-nii.  1882. 

'  See  H.  Woodward,  "On  some  Spined  Myriapods  from  the  Carboniferous  Series 
<rfEDgland,"  Gbol.  Mao.  Dec.  III.  Vol.  IV.  PI.  I.  pp.  1-10,  1887. 
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is  like  the  precediDg  example  in  the  ooUection  of  the  Rev.  P.  B. 
Brodie  (Gkol.  Mag.  1881,  p.  295). 

8.  This  paper  is  on  "Two  New  and  Diverse  Types  of  Carbon- 
iferous Myriapods  ;"^  namely  Trichiulus  villosus,  T.  nodulosusy  axid 
T.  ammonitiformis  (no  longer  a  rayriapod).  Palaocampa  anthrax 
from  the  ironstone  nodules  of  Mazon  Creek,  Morris  county,  Illinois 
(illustrated  by  two  plates). 

9.  The  ninth  paper  is  on  "  the  species  of  Mylacrts,  a  Carboniferous 
genus  of  Cockroaches,"  of  which  Mr.  Scudder  describes  six  speoies 
founded  on  six  detached  wings,  which  are  also  figured.  They  are 
from  Mazon  Creek,  Pittston,  and  Cannelton,  Pennsylvania. 

10.  This  essay  is  devoted  to  **  The  Earliest  "Winged  Insects  of 
America  :  a  re-examination  of  the  Devonian  Insects  of  New  Bruns- 
wick, in  the  light  of  criticisms  and  of  new  studies  of  other  Palsdozoio 
types." 

Surely  these  remains  are  too  fragmentary  and  obscare  to  devote 
more  time  to  their  re-examination  or  lengthy  discussion.  It  would 
be  more  profitable  to  look  for  better  materials  to  study. 

H.  On  "  Pala3odictyoptera :  or  the  affinities  and  classification  of 
Palaeozoic  Hexapoda." 

In  this  paper  the  author  describes  and  figures  (in  four  quarto 
plates)  a  number  of  new  Carboniferous  winged  insects  principally 
from  Mazon  Creek,  Illinois.  One  form,  Archmgogrylhis  pritteus,  is 
considered  to  belong  to  the  Orthopteroid-Palawdictyoptera ;  but  the 
twenty-three  other  forms  named  and  figured  are  referred  to  the 
Neuropteroid  section.  The  neuration  of  many  of  these  forms,  pre- 
served in  ironstone  nodules,  is  obscure  and  very  difficult  indeed  to 
trace  with  accuracy,  and  therefore  their  determination  must  be  to 
a  considerable  extent  tentative. 

12.  *' "Winged  Insects  from  a  Pala?ontological  point  of  view,  or 
the  Geological  History  of  Insects."  In  this  paper  the  author  con- 
tends that  throughout  Palaeozoic  times  insects  continued  as  a  general- 
ized form  of  HeterometAbola  which  he  calls  Palaeodictyoptera,  and 
which  had  the  front  wings,  as  well  as  the  hind  wings,  membranous. 
On  the  advent  of  Mesozoic  times  a  great  diff*erentiation  took  place, 
and  before  its  middle,  all  of  the  orders,  both  of  Heterometabola  and 
Metabola,  were  fully  developed  in  all  their  essential  features  as  they 
exist  to-day,  the  more  highly-organized  Metabola  gradually  becoming 
the  prevailing  type  (p.  322). 

13.  The  thirteenth  paper  is  on  "  the  oldest-known  Insect-larva 
(Mormolucoides  articulattis)  from  the  Connecticut  Kiver  Bocks" 
(Triassic).*    (See  pi.  19,  and  woodcut,  p.  323.) 

14r.  This  is  **  A  Review  of  Mesozoic  Cockroaches,"  dealing  with 
the  Secondary  forms  of  Blattariie  after  the  manner  in  which  the 
Palaeozoic  forms  were  dealt  with  in  Essay  No.  4,  only  in  this  case 
all  the  species  figured  and  described  are  British  or  European,  but 
almost  all  are  from  the  Lias  or  the  Purbecks  of  England.     Many  of 

*  Originally  printed  in  Memoirs  of  the  Boston   Society  of  Natural  History, 
vol.  iii.  No.  ix.  1884. 
»  Published  in  the  Geol.  Mao.  Vol.  V.  1868,  p.  218,  without  a  figure. 
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tkem  are  baaed  on  fragments  from  the  Purbeok,  which  Westwood 

named  but  did  not  describe ;  or  figured,  but  did  not  name ;  or,  which 

Brodie  found  but  did  not  name  or  describe.     These  wings  are  for 

the  most  part  fragmentary  and  must  have  required  good  courage  to 

found  species  upon  them.     Surely  there  is  something  wrong  about 

Sterinoblaitina  penua!  (pi.  22,  fig.  14).     Is  it  an  insect- wing  at  all  ? 

15.  Is  on  some  "  New  Types  of  Cockroaches  from  the  Carboni- 

fsroos  Deposits  of  the  United  States."     These  forms,  which  fill  two 

i^oarto  plates,  are  considerably  better-preserved  remains  than  any 

of  the  others  previously  figured ;  fig.  5,  pi.  23,  ArchimylacriB  paud- 

tiervis,  and  fig.  3,  pi.  24,  Oryetohlatiina  occidua,  being  very  remarkable 

and  aberrant  forms.     These  cockroaches  are  from  the  Eichmond, 

Ohio,  coal-field,  and  from  Mazon  Creek,  Illinois. 

:  16.  This  paper  is  devoted  to  more  ''  New  Carboniferous  Myriapoda 

from  Illinois."    The  greater  number  of  specimens  are  referred  to  the 

genus  Euphoberia  and  to  eight  species.     The  other  to  Acantherpe»te$, 

Ardnulus,  XylobiuSf  IlyodeSf  Latzelia,  Palanarihrus  and  Eilecticua. 

These  are  mostly  from  Mazon  Creek,  Illinois,  and  are  very  beautifully 

drawn  on  six  quarto  plates  illustrated  by  fifty-seven  figures. 

17,  Is  devoted  to  ''Illustrations  of  the  Carboniferous  Arachnida 
of  North  America  of  the  orders  Anthracomarti  and  Pedipalpi." 

The  Anthracomarti  is  said  to  be  the  only  extinct  order  of  Arach- 
nida, and  was  established  by  Karsch  for  some  interesting  Carbon- 
iferous forms  allied  to  the  Plirynidae  and  Phalangidue,  although  very 
distinct  from  either  of  them. 

To  this  group  belong  forms  like  Eophrynua  Prestvici^  H.  W. 
(1871),  from  the  Coal-measures,  Coalbrook-dale ;  Architarbus  suh- 
inaHs,  H.  W.  (1872),  Coal-measures,  Lancashire ;  numerous  allied 
forms  from  the  Permo-Carboniferous  of  Bohemia.  Another  form, 
named  by  Woodward  as  Brachypyge  carboma  (Geol.  Mag.  1878, 
PI.  XI.  p.  434),  from  the  Coal-measures  of  Belgium,  has  since  been 
removed  (at  the  suggestion  of  Mr.  Scudder)  to  the  Anthracomarti, 
near  to  Eophrynus  (see  Geol.  Mag.  1887,  p.  49,  footnote).  Soudder's 
genus  Geraphrynus  (pi.  32,  figs.  1,  9,  10)  and  his  Anthracomartus 
(pL  31,  figs.  7-10)  must  be  very  near  to  Eophrynus.  Of  the  order 
Pedipalpi,  Scudder's  Geralinnra  carbonaria  is  also  represented  in  the 
Coal  of  Bohemia  by  several  closely  allied  species. 

18.  The  last  paper  is  on  *'The  Insects  of  the  Triassic  beds  at 
Fairplay,  Colorado."  These  include  thirteen  species  of  Pala90- 
blattariae  and  Blattariae  and  three  species  of  Hemiptera.  The 
deecriptions  of  these  cockroaches  are  based  on  wings,  but  two  or 
three  species  are  founded  on  the  pronotum  alone. 

The  volume  concludes  with  a  Biographical  note  on  American 
Literature,  treating  of  the  older  fossil  Insects  ;  followed  by  an  Index 
and  thirty-four  excellent  plates. 

Most  of  the  papers  are  undated  and  need  references,  but  they 
Jiave,  as  a  rule,  been  all  published,  in  their  present  form,  at  various 
times,  in  the  Memoirs  of  the  Boston  Society  of  Natural  History. 

Vol.  II.,  which  treats  of  the  Tertiary  Insects  of  North  America,  is 
*  reprint  from  vol.  xiii.  of  the  Report  of  the  United  States  Geological 
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Survey  of  the  Territories  (1890),  which  has  already  been  noticed 
(see  Geol.  Mag.  1891,  p.  280).  It  includes  the  (Oligocene)  Tertiary 
Insects  of  Florissant,  South  Colorado;  those  of  the  White  Eiver, 
West  Colorado ;  Eastern  Utah  ;  and  Wyoming. 

From  Quesnel,  British  Columbia,  Dr.  Q.  M.  Dawson  has  con- 
tributed numerous  insects;  and  Dr.  G.  J.  Hinde  from  Clay-beds, 
near  Toronto,  Canada,  has  added  materials  for  29  species. 

Alas!  but  few  of  those  who,  like  the  author,  have  devoted  a 
life-time  to  palaeontology,  ever  have  the  good  fortune  to  see,  at  the 
end  of  thirty  years,  their  scattered  brochures  reprinted  as  a  pair  of 
handsome  quarto  volumes !  To  many  of  us,  the  process  would 
certainly  not  be  feasible,  commer dally.  To  most  it  would  hardly  be 
a  scientific  gain.  Compared  with  man's  best  efforts  after  all,  how 
much  more  enduring  is  the  Epitaph  which  Nature  has  engraved  upon 
the  rocks  to  the  Memory  of  the  humble  but  long-lived  Cockroach ! 

o         o         o         o         o         o         o 

Diving  into  our  Editorial  waste-paper  basket  to-day  we  drew 
forth  the  following  lines,  grimy  with  soot,  and  inscribed  : — 

*'  Manchester,  Brit.  Assoc.  1887. 

**  In  times  Carboniferoos  Scudder  has  shown, 
That  the  Cockroach  was  gaily  then  holding  his  own  ; 
Do  you  think  that  in  our  case  we  too  may  last, 
If  we  stick  to  the  Cook  and  the  Kitchen  as  fast  f 

(The  second  verse  has,  alas !  been  torn  off,  and  is  lost  to  science.) 

H.  W. 

V. — Qkologioal  Survey  of  Western  Australia.    Annual  General. 
Beport  for  the  Year   1890.      By  Harry  Page  Woodward, 
F.G.S.,    etc.,    Government  Geologist      8vo.   pp.   63.      (Perth, 
W.A.,  1891.) 

THE  last  Keport  of  the  Government  Geologist  in  Western 
Australia,  was  noticed  in  the  Geologioal  Magazine  for  October, 
1890  (p.  468) ;  and  we  then  printed  a  Table  of  the  Strata,  which 
need  not  here  be  repeated,  as  no  additions  or  alterations  are  necessary. 

In  the  present  Report  Mr.  Harry  P.  Woodward  gives  a  list  of  the^ 
fossils  which,  up  to  the  present  time,  have  been  found  in  Western 
Australia.  Some  of  these  have  been  described  in  the  Geological 
Magazine,  as  previously  noticed. 

Among  the  Cambrian  fossils,  the  record  of  Olenellua  Forresttf 
associated  with  Salterella  Hardmani,  is  of  especial  interest.  Although 
this  Olenellus  was  identified  with  a  query  by  Mr.  A.  H.  Foord,  yet 
farther  knowledge  of  the  genus,  as  lately  published  by  Mr.  0.  D. 
Walcott,  leaves  no  room  to  doubt  that  the  query  may  be  cancelled ; 
and  indeed  this  element  of  doubt  has  been  omitted  from  the  Report 
With  regard  to  the  Carboniferous  and  Devonian  rocks  it  is  remarked 
that  ''there  seems  to  be  an  unbroken  series  of  beds,  the  Lower 
Oarboniferous  fauna  gradually  merging  into  the  Devonian" — a* 
matter  of  considerable  interest,  as  this  is  undoubtedly  the  case  in 
Europe  and  North  America. 
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In  fature  lists  of  the  fossils  it  would  be  convenient  if  the  names 
-of  authora  were  appended ;  and  the  opportunity  might  be  taken  to 
correct  some  mispnnts  in  the  names. 

The  Report  contains  a  general  geographical  and  geological  de- 
scription of  the  Yictoria,  Murchison,  Gascoyne,  Ashburton,  Fortescue, 
Boeboame,  and  De  Grey  districts,  with  particular  accounts  of  the 
inineral  resonrces. 

Alluvial  gold  was  found  by  the  Ashburton  river  in  1890 ;  it  has 
^n  derived  from  mineral  veins  in  clay-slates.  These  slates  are 
lughly  inclined,  and  on  their  upturned  edges  rest  limestones  and 
other  strata  of  Devonian  and  Carboniferous  ages.  The  Ashburton 
^Id-field  yielded  about  15,000  ounces  of  gold  in  six  months.  At 
present  only  the  rich  patches  in  the  shallow  ground  have  been 
worked ;  the  deep  ground  is  as  yet  untouched,  although  in  the  large 
plaiuB  of  the  Ashburton  river  rich  deposits  are  sure  to  be  found,  and 
it  is  likely  to  prove  a  permanent  goldfield. 

Mr.  Woodward  remarks  that  *^as  the  prospecting  will  be  most 
expensive  work,  no  one  will  undertake  it,  unless  he  be  granted  a 
protection  area,  until  the  course  of  the  leads  has  been  ascertained." 

The  Pilbarra  Goldfield  is  also  reported  to  be  "one  of  the  most 
promising  mineral  areas  in  this  Colony."  Particulars  are  likewise 
given  of  the  progress  of  the  Yilgarn  and  Kimberley  Goldfields,  of 
the  Greenbushes  Tinfield,  and  of  the  Collie  River  Coal-district. 

The  Collie  Coal  is  stated  in  the  Report  to  be  "a  Mesozoic  coal,  of 
first  class  quality,"  but  from  specimens  subsequently  submitted  to 
Mr.  Etheridge,  he  expresses  his  belief  that  it  is  '*  a  good  and  true 
Palaeozoic  coal"  (West  Australian^  Jan.  13,  1892).  The  question  of 
age  will  not  seriously  affect  the  colonists,  so  long  as  the  coal  is  good, 
and  there  is  plenty  of  it.     The  extent  has  yet  to  be  proved. 

TI.— Guide  through  the  Collection  of  Building-materials  in 
THE  Imperial -Royal  Natural- History  Court -Museum  op 
Vienna.  [Fiihrer  durch  die  Bauraaterial-Sammlung,  etc.] 
compiled  by  Felix  Karrer  ;  with  a  Preface  by  the  Editor,  Dr. 
Aristides  Brezina,  Director  of  the  Mineralogical  Department, 
Small  8vo.  302  pages,  veith  40  Illustrations.     Vienna,  1892. 

IN  the  Introduction  the  rocks  and  minerals  supplying  materials 
1  for  construction  are  enumerated  and  briefly  described,  and  then 
Teferred  to  their  respective  geological  ages  and  formations.  A  biblio- 
graphy relating  to  building-materials  is  also  given. 

The  contents  of  this  useful  work  are  arranged  thus : — I.  Austrian- 
Hungarian  Monarchy :  A.  Cisleithania ;  1.  Lower  Austria,  especially 
Vienna,  with  illustrations  of  St.  Stephen's,  the  Votive  Church, 
Government  Buildings,  Townhall,  Natural -history  Court-Museum, 
Marie-Therese  Monument,  the  University,  Court-Town-theatre,  and 
the  Court-Operahouse.  The  enumeration,  definition,  and  localities 
of  the  sevei^al  kinds  of  natural  and  artificial  stone,  plaster,  etc., 
Are  carefully  given,  as  road- materials,  paving-stones,  brick-earths, 
Mortar-sand,  lime,  cement-stones,  building-stones,  decoral\\e-»\«ii^ft. 
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Toofing-slates,  artificial  stones,  fire-bricks,  terra-cotta,  stucco,  etc; 
A  supplemental  list  of  materials  besides  those  used  in  Vienna ;  and 
one  of  the  old  collection  of  the  Society  of  Austrian  Engineers  and 
Architects,  are  added.  2.  Upper  Austrian;  3.  Salzburg;  4.  The 
Tyrol;  5.  The  Vorarlberg;  6.  Styria;  7.  Carinthia;  8.  Camiola; 
9.  Gorz  and  Gradisca;  lO.  Trieste;  11.  Istria;  12.  Dalmatia; 
13.  Bohemia;  14.  Moravia;  15.  Silesia;  16.  Qalicia;  17.  Bukowina. 
For  these  districts,  the  chief  cities  are  noted  with  illustrations  of 
several  important  buildings,  and  an  enumeration  of  the  local  building- 
materials  in  relatively  the  same  order  as  those  described  for  Vienna. 

B.  In  the  Kingdom  of  Hungary,  we  have — (1)  Budapest,  its 
chief  buildings  and  materials ;  also  (2)  the  materials  used  in 
Siebiirgen,  and  (3)  Croatia. 

II.  The  foreign  localities  and  their  building  -  materials  here 
mentioned  are : — Germany,  Italy*  (including  ancient  Rome),  France, 
and  Belgium,  with  illustrations  of  several  of  their  chief  buildings; 
also  lists  from  England,  Norway,  Eussia,  Switzerland,  Spain  and 
Portugal,  Greece,  the  United  States  of  America,  Asia,  and  North 
Africa. 

The  assistance  given  to  the  author  by  merchants,  manufacturers, 
and  scientific  friends,  with  information  and  specimens,  is  duly 
acknowledged  throughout  the  book. 

This  catalogue  raisonne  of  Eastern-Euroj)ean  and  other  building- 
materials  is  a  very  valuable  addition  to  the  bibliography  of  the 
subject ;  and  the  fine  collection  to  which  it  is  a  guide  is  indeed,  as 
Dr.  Brezina  remarks  in  the  preface,  a  lasting  monument  to  Fblix 
Karber,  who  has  devoted  much  time  and  labour  to  the  formation  of 
this  important  part  of  the  Vienna  Museum.  T.  R.  Jl 
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I.— January  27,  1892. —  Dr.  W.  T.  Blanford,  F.R.S.,  Vice- 
President,  in  the  Chair. — The  following  communications  were  read: 

1.  "  On  the  Hornblende-schists,  Gneisses,  and  other  Crystalline 
Rocks  of  Sark."  By  the  Rev.  Edwin  Hill,  M.A.,  F.G.S.,  and  Prof. 
T.  G.  Bonney,  D.Sc,  F.R.S.,  V.P.G.S. 

The  authors  refer  to  Mr.  Hill's  paper,  published  in  1887,  for  a 
general  description  of  the  Island.  They  were  led  to  examine  Sark 
again  in  the  hope  that  its  rocks  might  afford  some  clue  to  the 
genesis  of  the  hornblende-schist  of  the  Lizard.  They  describe  the 
structure,  macroscopic  and  microscopic,  of  the  various  foliated 
rocks.  These  are: — (a)  The  basement  gneiss,  a  slightly  foliated, 
somewhat  granitoid  rock,  probably  of  igneous  origin,  but  with  some 
abnormal  environment,  and  possibly  intrusive  into,  instead  of  older 
than  the  rock  which  succeeds  it    (6)  The  homblende-schlBts,  almost 

^  See  Geol.  Mao.  April,  1889,  pp.  174-177,  for  a  notice  of  Chevalier  JerYisV 
work  on  the  *<  Economic  Geology  of  Italy,*'  treating  of  Italian  materials  of  cons 
^traction,  ancient  and  modem,  with  numerous  iUastrationB  of  public  buildings. 


Oeological  Society  of  London.  135 

identioaL  with,  those  of  the  Lizard,  but  in  one  case  yet  more  distinctly 
iNuided.  (c)  Banded  gneisses  sometimes  rather  fine-grained,  variably 
handed :  quartzofelspathic  layers  alternating  with  those  rich  in 
biotite  or  occasionally  hornblende.  Some  of  these  gneisses  resemble 
the  "granalitic  group"  of  the  Lizard;  others  recall  certain  of 
the  less  coarse,  well-banded  gneisses  of  Scotland,  e,g,  south  of 
Aberdeen.  Sometimes  they  are  much  '*  gnarled "  by  subsequent 
earth-movements,  by  which,  however,  as  a  rule,  the  crystalline  rocks 
of  the  Island  do  not  appear  to  have  been  very  seriously  affected, 
(d)  A  very  remarkable  group  of  local  occurrence  which  exhibits 
great  variety.  In  some  places  large  masses  of  a  dark  green  horn- 
blende-rock are  broken  up  and  traversed  by  a  pale  red  vein-granite 
or  aplite.  The  former  rock  is  drawn  out  into  irregular  lenticles, 
elongated  lumps,  and  finally  streaks,  and  has  been  melted  down 
locally  into  the  aplite.  This  then  becomes  a  well-banded  biotite 
gneiss,  which  macroscopically  and  microscopically  agrees  with  types 
which  are  common  among  the  ArchsBan  rocks.  Sark  therefore 
presents  an  example  of  the  genesis  of  such  a  gneiss,  and  the  authors 
are  of  opinion  that  probably  all  the  above-named  rocks  are  of  igneous 
origin,  but  became  solid  ultimately  under  somewhat  abnormal  con- 
ditions, to  which  the  peculiar  structures  (which  distinguish  them 
from  ordinary  igneous  rocks)  are  due.  They  attribute  the  banding 
to  the  effect  of  fluxional  movements,  anterior  to  final  consolidation, 
in  a  mass  to  some  extent  heterogeneous.  This  hypothesis  they 
consider  may  be  applied  to  all  gneisses  or  schists  which  exhibit 
similar  structures — that  is,  to  a  considerable  number  (but  by  no 
means  all)  of  the  Archaoan  rocks. 

The  second  part  of  the  paper  consists  of  notes  on  some  of  the 
dykes  and  obviously  intrusive  igneous  rocks  of  the  Island.  Among 
these  are  four  (new)  dykes  of  "  mica-trap,"  one  of  which  exhibits 
a  very  remarkable  "  pisolitic "  structure.  The  variety  of  picrite 
described  by  Prof.  Bonney  in  1889  (from  a  boulder  in  Port  du 
Moulin)  has  also  been  discovered  in  situ, 

2.  *•  On  the  Plutonic  Rocks  of  Garabal  Hill  and  Meall  Breac." 
By  J.  R.  Dakyns,  Esq.,  M.A.,  and  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S., 
F.G.S.  (Communicated  by  permission  of  the  Director-General  of 
the  Geological  Survey.) 

The  plu tonic  rocks  described  occur  in  a  complex  forming  a  belt 
of  high  ground  S.W.  of  Inverarnan.  They  vary  considerably  in 
composition,  and  though  gradual  passages  are  sometimes  found 
between  more  or  less  acid  rocks,  at  other  times  the  junction  is 
sharp.  The  more  acid  are  always  found  to  cut  through  the  less 
acid  when  the  two  rocks  are  found  in  juxtaposition,  and  fragments 
occurring  in  a  rock  are  less  acid  than  the  rock  itself.  Though 
thus  shown  to  be  of  different  ages,  they  must  evidently  refer  to  ono 
geological  period.  The  first  rocks  to  be  formed  were  peridotites; 
then  followed  diorite,  toualite,  granite,  and  eurite  in  order  of 
increasing  acidity. 

The  specific  gravities,  colours,  and  textures  of  the  rocks  are  con- 
Bidered,  and  a  detailed  account  of  the  constituent  minerals  given. 
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The  essential  minerals  are  arranged  in  the  following  order,  based  on 
their  general  distribution  in  the  different  type  of  rook: — Olivine, 
pyroxene,  hornblende,  biotite,  plagioclase,  orthoclase  and  qaartz, 
microcline.  The  following  is  the  order  in  which  the  principal  con- 
stituents commence  to  form  in  the  rocks : — Iron-ores,  olivine, 
pyroxene,  hornblende,  biotite,  plagioclase,  orthoclase,  microcline, 
and  quartz.  The  chemical  composition  of  the  rocks  is  discussed, 
data  being  furnished  by  a  series  of  analyses  made  by  Mr.  J.  H. 
Player,  and  a  diagrammatic  representation  of  the  molecular  relations 
of  the  different  bases  and  silica  is  given.  The  relations  between 
mineralogical  composition,  chemical  composition,  and  geological  age 
are  then  considered ;  and  the  following  conclusions  are  reached : — 

(1)  That  the  various  rocks  have  resulted  from  the  differentia- 
tion of  the  originally  homogeneous  magma. 

(2)  That  the  chronological  sequence  from  peridotite  to  eurite 
is  connected  with  the  order  of  formation  of  minerals  in 
igneous  magmas. 

8.  "  North  Italian  Bryozoa. — Part  II,  Cyclostomata."  By  Arthur 
William  Waters,  Esq.,  F.G.S. 

The  Chilostomata  from  the  same  localities  were  dealt  with  in 
volume  xlvii.  of  the  "  Quarterly  Journal."  In  the  present  paper  a 
number  of  Cyclostomata  are  described,  amongst  the  most  interesting 
being  a  new  species  termed  by  the  author  Diastopora  brendoUnBiSf 
which  has  tubules  similar  to  those  of  D.  ohelia.  These  are  the  only 
species  in  which  tubules  are  known,  and  two  modes  of  growth  of  the 
fossil  seem  to  show  that  those  who  united  under  Diastopora  erect 
and  incrusting  forms  were  right 

The  ovicell  by  the  side  of  the  zoarium  of  Bornera  aerrata,  described 
in  the  paper,  is  in  a  position  new  for  the  Cyclostomata. 

II.— Feb.  10,  1892.— Sir  Archibald  Geikie,  D.Sc,  LL.D.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read  : 

1.  "The  Raised  Beaches,  and  'Head'  or  Rubble  Drift  of  the 
South  of  England:  their  relation  to  the  Valley  Drifts  and  to  the 
Glacial  Period ;  and  on  a  late  Post- Glacial  Submergence. — Part  I." 
By  Joseph  Prestwich,  D.C.L.,  F.R.S.,  F.G.S. 

The  author  remarks  that,  besides  the  subaerial,  fluviatile,  and 
marine  Drifts  of  the  South  of  England,  there  is  another  Drift  which 
is  yet  unplaced.  This  he  considers  to  be  connected  with  the  'Head' 
overlying  the  Raised  Beaches.  Of  these  he  describes  the  distribution, 
characters,  and  relations  along  the  South  Coast.  The  '  Head  *  over- 
lies the  beaches,  and  frequently  overlaps  them.  In  the  beaches  large 
bonlders  are  found,  and  marine  shells,  of  which  lists  for  the  various 
localities  are  given.  The  *  Head  *  frequently  shows  rough  stratifica- 
tion of  finer  and  coarser  materials.  It  contains  mamma/tan  hones, 
land-shells  only,  and  occasionally  flint  implements.  On  the  coasts 
of  Devon  and  Cornwall  it  is  separated  from  the  Raised  Beaches  by 

^    old  sand-dunes. 

f^ '   In  South  Wales  the  beach  occurs  below  the  mammaliferoas  cave* 
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depodts,  whilst  material  corresponding  to  the  '  Head '  seals  up  the 
ciTe-moaihs.  The  ossiferous  breccias  of  the  caves  are  therefore 
mtermediate  in  age  between  the  beaches  and  the  '  Head.' 

The  origin  of  the  boalders  is  discussed,  and  it  is  inferred  that  they 
have  been  brought,  not  from  the  French  coast,  nor  from  a  submerged 
land,  but  from  a  north-easterly  source  b}'  floating  ice  through  the 
Stndts  of  Dover.  The  moUusca  of  the  Eaised  Beaches,  of  which 
a  list  of  64  is  given,  are  closely  related  to  forms  living  in  the 
Mighbonring  seas. 

These  Baised  Beaches  are  not  of  the  age  of  the  Higher  Valley- 
graTsls;  but  the  evidence  (especially  that  yielded  by  the  Somme 
Talley  deposits)  points  rather  to  their  connexion  with  the  Lower 
Valley-gravels,  and  therefore,  with  the  exception  of  the  Caves,  they 
represent  the  latest  phase  of  the  Glacial  Period. 

2.  "The  OZ6ne//ii».Zone  in  the  North- West  Highlands."  By  B.  N. 
Peach,  Esq.,  F.R.S.E.,  F.G.S.,  and  J.  Home,  Esq.,  F.R.S.E.,  F.G.S. 
(Communicated  by  permission  of  the  Director-General  of  the  Geologi- 
cal Survey.) 

In  the  stratigraphical  portion  of  this  paper  brief  descriptions  are 
given  of  certain  sections  in  the  Dundonnell  Forest,  from  eight  to 
ten  miles  N.N.E.  of  Loch  Maree,  which  have  yielded  fragments 
of  OfeneZZtts.  The  organisms  are  embedded  in  dark-blue  shales 
oocorring  near  the  top  of  the  '  Fucoid  Beds '  and  towards  the  base 
of  the  'Serpulite  Grit,'  forming  part  of  the  belt  of  fossiliferous 
itrata  stretching  continuously  from  Loch  Eriboll  to  Strome  Ferry — 
a  distance  of  ninety  miles. 

In  the  Dundonnell  Forest  the  basal  quartzites  rest  with  a  marked 
nnoonformability  on  the  Torridon  Sandstone.  There  is  an  unbroken 
aequence  in  certain  sections  from  the  base  of  the  quartzites  either  to 
the  '  Serpulite  Grit '  or  to  the  lowest  bands  of  the  Durness  Lime- 
stone. At  these  horizons  the  strata  are  truncated  by  a  powerful 
thrust,  which,  at  Loch  Nid,  brings  forward  a  slice  of  Archaean  rocks 
with  the  Torridon  Sandstone  and  basal  quartzite. 

The  strata  from  the  base  of  the  quartzites  to  the  base  of  the 
Dnmess  Limestone,  exposed  in  the  Dundonnell  Forest,  are  compared 
with  their  prolongations  to  the  north  and  south  of  that  region,  from 
which  it  appears  that  there  is  a  remarkable  persistence  of  the  various 
subzones  identified  in  Assynt  and  at  Loch  Eriboll.  But  between 
Little  Loch  Broom  and  Loch  Ki shorn  dark- blue  shales  near  the 
top  of  the  *  Fucoid  Beds  *  have  been  observed  at  various  localities, 
evidently  occupying  the  same  horizon  as  the  OZene/ius-shales  in  the 
Dundonnell  Forest. 

The  Serpulites  (Salterella)  associated  with  the  Trilobites  in  the 
'Serpulito  Grit'  occur  in  the  basal  bands  of  the  overlying  limestone; 
they  were  found  during  last  season  in  the  brown  dolomitic  shales 
accompanying  the  0/efic//ti«-shales  in  the  '  Fucoid  Beds,'  and  they 
were  formerly  detected  in  the  third  subzone  of  the  *  pipe-rock '  in 
Sutherland.  Their  appearance  on  these  horizons  leads  us  to  cherish 
the  hope  that  portions  of  Olenellua  may  yet  be  met  with  in  certain 
Bbales  in  the  quartzites  and  probably  in  the  lowest  group  of  limestone. 
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The  evidence  now  adduced  proves  (1)  that  the  'Fucoid  Beds^ 
and  'Serpulite  Grit'  are  of  Lower  Cambrian  age,  the  underlying 
quartzites  forming  the  sandy  base  of  the  system ;  (2)  that  the 
Torridon  Sandstone,  which  is  everywhere  separated  from  the  over- 
lying quartzites  by  a  marked  unoonformability,  is  pre-Cambrian. 

The  Olenellus  which  has  been  discovered  is  described  as  a  new 
species  (0.  Laptoorthi)  closely  allied  to  0.  ThompBoni,  Hall,  from 
which  it  differs  chiefly  in  the  arrangement  of  the  glal>ella-furrowB 
and  in  the  presence  of  a  rudimentary  mesial  spine  at  the  posterior 
margin  of  the  carapace.  Kemains  of  other  species  referable  to 
Olenellus  are  described,  but  these  are  too  fragmentary  for  exact 
determination.  All  are  characterized  by  a  reticulate  ornamentation 
similar  to  that  described  by  Waloott  in  0.  (Mesonacis)  asaphoides^ 
Emmons.     The  remains  consist  chiefly  of  portions  of  carapaces. 
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CONE-IN-CONE  STRUCTURE. 

Sib, — In  the  present  February  No.  of  the  Geological  MAOAzniK, 
Mr.  A.  C.  G.  Cameron  in  his  paper  on  the  "  Eellaways  Beds  "  makes 
reference  to  an  indurated  seam  of  sandy  marl  that  exhibits  Cone-in- 
oone  Structure,  and  refers  to  an  abstract  in  Geol.  Mao.  of  a  paper 
of  mine,  that  is  printed  in  Trans.  Geol.  See.  of  Glasgow,  in  which 
I  give  an  explanation  of  the  above-mentioned  structure.  In  this 
paper  I  am  credited  by  Mr.  Cameron  with  stating  that  in  cone-in- 
oone  structure,  the  apices  of  the  cones  point  towards  each  other  in 
the  beds  in  which  this  structure  is  found.  Had  Mr.  Cameron  read 
the  full  text  of  my  paper,  he  there  would  have  seen  that  this  state- 
ment was  not  mine,  but  was  given  in  two  of  the  quotations,  illustrat- 
ing some  of  the  views  formerly  held  by  those  that  had  written  on 
cone-in-cone  structure.  Thus,  H.  C.  Sorby,  F.R.S.,  is  quoted  as 
having  written — "The  cones  often  occur  in  bands  parallel  to  the 
stratification  of  the  rock,  their  apices  starting  from  a  well-defined 
plane,  and  after  extending  upwards  or  downwards  for  a  greater  or 
less  distance  with  their  axis  perpendicular  to  the  plane  of  stratifica- 
tion, they  end  in  bases  parallel  to  it  but  not  on  the  same  level,  some 
standing  up  above  the  general  surface."  The  other  quotation  is 
from  the  Students'  Manual  of  Geology,  by  Prof.  J.  B.  Jukee,  edited 
by  Prof.  A.  Geikie,  1872.  It  is  there  stated  that  "  some  day  iron- 
stones exhibit  another  concretionary  form  called  *  cone-in-cone,'  as 
the  seam  of  ironstone  breaks  into  conical  forms,  with  the  bases  of 
the  cones  at  the  top  and  bottom  of  the  seam,  and  their  apices  pointing 
inwards  towards  each  other." 

In  my  paper  I  have  written  against  this  statement,  in  both 
quotations,  of  the  cones  ever  having  their  apices  pointing  inwards 
towards  each  other,  and  state,  '*  I  am  inclined  to  think  that  such 
ft  description  is  due  to  faulty  observation,  or  could  only  have  been 
jnade  from  a  badly  preserved  specimen,  in  which  the  structure  wa% 
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obscare  or  much  oonfosed."  I  also  further  state,  ''  that  the  apioea 
are  inyariably  turned  to  the  under  or  lower  side  of  the  stratum, 
while  their  bases  are  as  inyariably  directed  to  the  upper  surface." 

In  my  explanation  of  cone-in-cone  structure,  I  point  out  that  it 
tras  probably  due  to  a  mechanical  action,  set  up  through  chemical 
agencies,  such  as  gases,  that  were  generated  by  the  decomposition 
of  the  organic  matter  present  in  the  lower  portion  of  the  stratum, 
the  elevatory  power  of  such  gases,  as  they  escaped  upwards  to  th^ 
rorfaoe  of  the  bed,  through  the  tube  forming  the  central  axis  of  each 
eone,  brought  up  from  below  the  successive  layers  of  plastic  mud^ 
of  which  the  cone  structure  is  seen  to  be  built  up. 

HTJ5TB&IAK  MiTBXUM,    UnIVEKSITY    GlASOOW,  JoHH  YoUNQ. 

Ftbruary  13M,  1892. 


READERS  THEORY  OF  MOUNTAIN  BUILDING. 

Sib, — In  reply  to  Mr.  Beade  I  am  quite  aware  that  he  replied 
to  Mr.  Davison's  argument  last  year,  but  in  the  opinion  of  good 
physicists  that  reply  was  no  answer.  Mr.  Reade  apparently  failed 
to  realize  Mr.  Davison's  meaning,  and  the  further  explanation  given 
in  the  postscript  to  my  paper  does  not  seem  to  have  made  it  clearer 
to  him. 

My  own  ideas  of  the  result  of  subsidence  do  not  form  the  primary 
question  in  debate,  which  is — can  we  accept  Mr.  Reade's  ideas? 
It  is  eminently  desirable,  therefore,  that  he  should  address  himself 
to  Mr.  Davison's  objection  and  postpone  any  consideration  of  my 
criticisms. 

I  am  obliged  to  Mr.  Reade  for  pointing  out  the  error  in  my  figures ; 
iin  0  has  been  omitted,  but  when  supplied  makes  the  case  against 
him  ten  times  worse  than  before.  If  I  have  misunderstood  Mr. 
Beade's  idea  of  expansive  compression,  or  if  my  argument  is  un- 
sound, I  shall  be  glad  to  be  corrected.  A.  J.  Jukks-Bbowne. 

ExETSB,  Feb,  10. 

CONCERNING  THE  DIMENSIONS  OF  OLENELLUS. 

Sir, — In  his  excellent  paper  "On  Olenellus  Callavei,^^  in  the 
Gkol.  Mag.,  Dec.  1891,  p.  529,  Professor  C.  Lapworth  says:  "The 
larger  fragments  collected  indicate  a  length  of  about  six  inches  and 
a  breadth  of  about  four  inches.  With  the  exception  of  Olenellus 
{Holmia)  Brdggeri,  Walcott,  this  form  is  the  largest  species  of  the 
genus  yet  discovered."  Prof.  Lapworth  seems  to  have  overlooked 
that  Olenellus  (Holmia)  Kjerulfi,  Linns.,  might  reach  fully  the  length 
of  0.  {H.)Callavei,  In  my  paper  "On  Olenellus  KJerulJi,*'  in  Geolog. 
fdren.  forhandl.  vol.  ix.  (1887)  p.  512,  I  have  stated  that:  "The 
largest  specimen  I  have  found  has  a  breadth  of  63  mm.  between  the 
ejes."  The  length  of  the  body  must,  therefore,  in  this  case,  have 
been  155  mm.,  which  is  more  than  six  inches. 

Gerhard  Holm. 
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THOMAS    ROBERTS,   M.A.,  F.G.S., 

ST.  JOHN'S  COLL.,  CAMB. ;  ASSISTANT  TO  THE  WOODWARDIAN  PROFESSOR. 

BoKS  1856.        DiBD  Jan.  24tu,  1892. 

Mb.  Eobkhts  must  have  been  a  strong  man  to  have  come  to  the 
front  as  he  did ;  for  he  had  not  the  early  advantages  that  the  youths 
of  our  large  towns  generally  have  now  in  the  way  of  lectures  and 
schools  and  colleges,  open  to  any  boys  who  show  a  spark  of 
intelligence. 

His  father  was  a  contractor  and  agent  in  Wales,  and  at  one  time 
much  better  ofif  than  the  ups  and  downs  of  the  world  left  him  in 
his  old  age.  Tom  Roberts  was  intended  for  the  same  line,  and 
thus  in  early  life  was  familiar  with  the  construction  of  sea-walls, 
with  laying  railway  lines,  with  building,  and  with  the  super- 
intendence of  quarries  and  mines. 

Perhaps  this  influenced  his  choice  of  subjects  in  after-life.  How- 
ever that  may  be,  he  went  to  school,  and  showed  such  promise  that 
he  was  encouraged  and  aided  to  pursue  his  studies  in  the  University 
CJollege  of  Wales  at  Aberystwith,  where  he  obtained  a  scholarship 
for  Mathematics.  Here  also  he  impressed  his  teachers  with  his 
power,  and  he  was  sent  up  to  St.  John's  College,  Cambridge,  where 
he  won  a  scholarship  on  entrance,  and,  being  now  able  to  throw 
himself  entirely  into  the  congenial  study  of  Natural  Science,  at  the 
end  of  his  course  he  was  placed  in  the  First  Glass  in  the  First  Part 
of  the  Natural  Sciences  Tripos  in  1882,  and  also  in  the  First  Class 
in  the  Second  Part  of  the  Natural  Sciences  Tripos  in  June,  1883. 

In  the  spring  of  1883  he  was  appointed  Assistant  to  the  Wood- 
wardian  Professor,  in  succession  to  Mr.  £.  B.  Tawney,  a  post  whidh 
he  has  held  ever  since. 

It  may  be  asked  why  a  man  of  such  knowledge  did  not  do  mote 
original  work,  but  the  answer  is  easy.  In  the  first  place  his  time 
and  energies  were  chiefly  given  up  to  educational  work,  and  secondly 
he  was  preparing  for  a  much  larger  undertaking,  namely,  a  treatise 
on  Palaeontology,  so  that  he  had  no  time  to  keep  himself  before 
the  public  by  frequent  small  descriptions  or  controversial  papers. 
Moreover,  such  time  as  he  had  to  spare  was  at  everybody's  disposal. 
His  work  must  be  listened  for  in  echoes  rolling  on  through  other 
people's  publications,  and  the  record  must  be  looked  for,  not  in  the 
Proceedings  of  Societies,  but  among  the  hundreds  of  students  that 
have  passed  through  the  Wood  ward  ian  Museum  since  he  first  took 
his  share  in  its  management  and  in  its  educational  work. 

But  if  his  published  work  was  not  voluminous,  it  was  good.  He 
was  a  stratigraphical  palaeontologist  of  a  very  high  order,  and  those 
who  had  the  good  fortune  to  work  with  him  in  the  field  will 
remember  how  careful  he  always  was  to  work  out  the  fossils  of  each 
zone,  and  how  he  allowed  no  correlation  which  was  not  supported 
bj  palsdontological  evidence. 
^      We  pass  quickly  over  the  joint  paper  by  Marr  and  Boberts  on  the 
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Lower  PalaBOZoio  Bocks  of  the  neighbourhood  of  Haverfordwest,'* 
because  in  that  he  was  associated  with  the  keenest  stratigraphioal 
paleontologist  we  have,  on  ground  which  he,  rather  than  Roberts, 
Kaa  made  peculiarly  his  own.  Whatever  Roberts's  contribution  to 
that  work  may  have  been,  he  must  have  come  out  of  it  a  stronger 
man  from  the  contact  But  in  his  description  of  the  Jurassic  Rocks, 
we  see  in  one  paper  after  another  first  that  careful  working  out  of 
sones  in  one  connected  set  of  sections,  and  then  suggested  correlation 
of  horizons  between  more  or  less  widely  separated  areas. 

He  first  undertook  the  examination  of  the  Jurassic  Rocks  of  the 
neighbourhood  of  Cambridge,  upon  which  he  wrote  an  essay,  for 
which  the  Sedgwick  Prize  was  awarded  to  him  in  1886.  It  was 
hoped  by  his  friends  and  by  himself,  that  this  essay  would  some 
day  be  expanded  into  a  much  larger  work,  or  at  any  rate  that  its 
acope  might  be  considerably  extended.  As  it  stands,  it  is  a  valuable 
contribution  to  the  Life  History  of  the  Earth,  and,  for  students  of 
the  geology  of  the  neighbourhood  of  Cambridge,  a  useful  handbook. 
The  Syndics  of  the  University  Press  have  undertaken  to  publish  it, 
and  many  friends  have  volunteered  their  services  to  help  to  see  it 
throagh  the  press  in  Memoriam. 

In  the  following  year  he  read  a  paper  before  the  Qeological 
Society,*  "  On  the  Correlation  of  the  Upper  Jurassio  Rocks  of  the 
Swiss  Jura  with  those  of  England."     This  was  the  outcome  of  an 
excursion  for  which  he  received  a  grant  from  the  Worts  Fund  in 
1884.     In  it  he  gives  a  detailed  description  of  the  more  important 
anbdivisions   above    the  horizon    of    our    Eellaways  Rock,    with 
nnmerous  sections,  and  full  lists  of  fossils.     He  points  out  that  the 
thick  clays  of  Kimeridge  and  the  variable  beds  of  Portland  and 
Parbeck  are  in  the  Jura  all  represented  by  massive  limestones  and 
that,  as  might  be  expected  from  such  difference  of  sediment,  there 
is  a  considerable  difference  in  the  fauna  of  the  two  areas,  but  that 
Btill  some    well-marked   zones   make   an   approximate  correlation 
possible.     The   views   of  various   authors  and  his  own  as  to  the 
identity  of  certain  widely  separated  zones,  he  presents  tabulated  in 
parallel  columns  for  easy  reference,  and  explains  wherein  he  differs 
from  the  continental  geologists  as  to  the  synchronism  or  the  group- 
ing of  the  several  deposits. 

In  1888  the  Lyell  Fund  was  awarded  to  him  in  token  of  appre- 
ciation of  these  investigations.  Having  thus  prepared  himself  for 
the  recognition  of  the  different  horizons  in  the  Jurassic  Rocks,  even 
when  presenting  very  various  aspects,  he  turned  his  attention  to 
"  the  Upper  Jurassio  Clays  of  Lincolnshire,"  ^  and  traced  through 
that  district  a  zone  which  had  not  been  previously  recognized,  and 
which  he  identified  with  certain  clays  in  the  neighbourhood  of 
Cambridge,  referred  by  him  to  the  Corallian. 

The  thorough  way  in  which  he  worked  out  a  palseontological 
inquiry  may  be  gathered  from  his  early  note  ^  on  what  he  considered 
a  new   species  of  Conoceraa  from   Llanvirn.      He   described   the 

»  Q.J.O.S.  Tol.  xl.  1884,  p.  476.  «  QJ.G.S.  vol.  iliii.  1887,  p.  229. 

>  QJ.G.S.  Yol.  xl?.  1889,  p.  646.  *  Q.J.G.S.  vol.  xl.  p.  636. 
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specimen  and  its  state  of  preservation,  pointing  out  sources  of  error 
arising  from  confounding  superinduoed  structures  in  the  rock,  with 
original  markings  on  the  organism.  He  compared  it  with  those 
species  which  appear  most  nearly  to  resemhle  it  among  previously 
described  forms.  He  pointed  out  the  exact  geological  horizon  from 
which  it  was  obtained,  as  determined  by  the  associated  fossils,  and 
then  gave  the  technical  description  of  his  new  species. 

The  same  treatment  of  the  specimens  and  of  the  species  is  seen  in 
bis  description  *  of  "  Two  Abnormal  Cretaceous  Echinoids.*' 

In  Palaeontohigy  also  we  must  look  for  his  work  not  so  much  in 
published  descriptions  of  new  species,  as  in  the  large  numbers  of 
named  fossils  in  the  Woodwardian  Museum,  from  almost  every 
horizon,  the  determination  of  which  we  owe  to  him. 

The  characteristic  of  his  work  as  of  the  man  was  its  honesty. 
We  who  lived  and  worked  with  him  up  to  a  few  days  of  the  end 
feel  his  loss  at  once;  he  is  no  longer  there  to  help,  and  many 
another  coming  up  to  the  old  Museum  from  time  to  time  will  feel  it 
too ;  for  when  a  friend  or  stranger  asked  to  see  something  in  our 
ooUections,  we  would  say,  "  You  will  find  Tom  Roberts  there,"  with 
full  confidence  that  our  visitor  would  return  well  pleased  and  the 
honour  of  our  Museum  would  be  well  sustained. 

He  was  a  man  of  great  force  of  character,  of  clearness  of  vision* 
and  soundness  of  judgment.  False  reasoning  rarely  escaped  himt 
and  you  could  no  more  lose  sight  of  his  intellectual  presence  than  of 
his  large  and  powerful  frame.  Yet  his  gentle  sympathetic  manner 
and  his  open  truthful  eye  gave  ^^ou  at  once  the  comfortable  feeling 
that  you  need  not  be  on  your  guard  with  him.  Students  said  that 
he  never  tried  to  put  himself  on  a  higher  pedestal  by  scoring  off 
them.  He  led  them  on,  and  rather  than  drive  or  urge  them,  he 
would  ask  them  to  help  bim  to  get  them  through  with  credit,  as 
if  he,  not  they,  were  most  interested  in  their  success. 

T.  MoEennt  HuaHKs. 


FREDERICK    DREW,    F.G.S.,    F.R.G.S. 

Born  August  11,  1836.     Died  October  26,  1891. 

Mr.  Frederick  Drew,  F.G.S.,  F.R.G.S.,  was  born  August  11th, 
1836,  at  SoiUhaniptou,  where  his  father  kept  a  well-known  private 
school,  and  at  this  school  he  was  educated  until  he  was  seventeen 
years  of  age,  when  he  entered  the  Royal  School  of  Mines,  at  that 
time  (1853)  recently  established  in  connexion  with  the  Jermyn 
Street  Museum.  Here  he  distinguished  himself,  although  younger 
than  some  of  the  other  students,  by  taking  all  the  prizes  offered, 
including  the  Duke  of  Corn  wall's  Scholarship,  a  Royal  Scholarship, 
and  the  Edward  Forbes  medal,  the  last  two  for  the  first  year  ia 
which  they  were  awarded. 

In  1855,  on  leaving  the  School  of  Mines,  Frederick  Drew  joined 
the  Geological  Survey  of  Great  Britain,  and  remained  on  the  staff 
till  1862,  being  chiefly  engaged  in  the  south-east  of  England.     His 

1  Gfol.  Mao.  Vol.  VIII.  1891,  p.  116. 
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priooipal  contributions  to  soience  during  these  seven  years  included 
«n  important  paper  on  the  Hastings  Sands»  published  in  the 
<)i»rt.  Jonm.  Qeol.  Soc.  for  1861,  and  an  account  of  the  Geology 
of  Folkestone^  Hye,  and  Romney  Marsh,  which  appeared  in  the 
Geological  Survey  Memoirs.  The  subdivisions  of  the  Hastings  Sands 
proposed  by  Drew  have  been  accepted  by  the  Survey  and  by  British 
geologists  generally,  and  he  introduced  some  modifications  of  much 
nine  in  the  claseifieation  of  the  Lower  Cretaceous  beds  throughout 
the  Wealden  area. 

In  1862  the  Maharaja  of  Kashmir  desired  to  have  the  services  of 
a  geologist  to  report  on  the  mining  wealth  of  his  country,  and  the 
appointment  was  accepted  by  Drew,  who  remained  for  ten  years  in 
Kashmir.  At  first  he  was,  nominally,  engaged  in  mining  research ; 
naturally  the  ideas  of  an  Indian  Maharaja  and  those  of  a  European 
geologist  as  to  the  methods  and  objects  of  such  inquiries  would 
4iffer  materially,  and  it  is  not  only  highly  creditable  to  Drew, 
bnt  rather  remarkable  that,  despite  the  inherent  difiiculties  of  his 
position,  he  should  have  impressed  the  Maharaja  and  his  advisers  so 
fiTourably  as  to  be  appointed  first  to  the  governorship  of  Jummu, 
and  subsequently  to  the  still  more  important  one  of  Ladak.  There 
can  be  no  question  that  his  skill  and  tact  in  dealing  with  natives  of 
India,  and  his  even  temper  and  coolness  in  emergency,  led  to  his 
being  entrusted  with  the  important  posts  that  he  filled. 

The  principal  results  of  his  residence  in  Kashmir,  and  of  the 
exceptional  opportunities  he  enjoyed  for  seeing  the  country  and  its 
inhabitants,  were  communicated  to  the  public  in  his  well-known 
Work  on  Jnmmn  and  Kashmir,  published  in  1875.*  The  greater 
Wirt  of  his  geological  observations  were  necessarily  reported  to  the 
Kashmir  Government  alone,  but  some  purely  scientific  notes  on  the 
alluvial  deposits  that  occupy  so  enormous  an  area  in  the  Upper 
Indus  Basin,  as  in  other  parts  of  Central  Asia,  were  communicated 
by  him  to  the  Geological  Society.*  A  large  portion  of  this  paper  is 
an  account  of  the  physical  geography  of  the  country,  and  describes 
the  land  contours  and  their  mode  of  origin  in  Ladak  and  other  parts 
of  Kashmir  territory,  whilst  the  work  on  Jummu  and  Kashmir  is 
a  storehouse  of  geographical  and  ethnological  data,  of  which  later 
writers  have  frequently  had  occasion  to  avail  themselves.  The 
work  is  well  written  and  extremely  interesting.  An  abridged  edition 
was  published  by  the  author  in  1877,  under  the  title  of  "Northern 
Barrier  of  India." 

The  only  communication  to  the  publications  of  the  Royal  Geo- 
graphical Society  that  appeared  from  Drew's  pen  was  his  description, 
in  a  letter  to  Sir  Roderick  Murchison,  of  the  steps  taken,  under 
instructions  from  the  Maharaja  of  Kashmir,  to  ascertain  the  circum- 
stances attending  the  murder  of  Mr.  Hayward,  the  well-known 
explorer  of  the  countries  lying  north  of  Kashmir.     Mr.  Ilayward, 

*  The  Jummo  and  Kashmir  Territories,  a  Geographical  Account.  Bj  Frederick 
Drew,  F.G.S. ,  F.R.G.S.,  Assoc.R.S.M.     London,   1875.     8vo.  pp.  xvi.  and  668. 


folding  maps  and  sections,  and  34  illustrations. 
'  Quart.  Joum.  Geol.  Soc.  toI.  xxix.  1873,  pp. 
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who  was  a  medallist  of  the  Boyal  Geographical  Society,  was  killed 
when  on  his  road  to  the  Pamir,  by  Mir  Wali  of  Yassin,  chiefly,  it 
appears,  for  the  sake  of  plunder.  The  whole  of  the  circumstances 
were  ascertained  by  Drew,  and  an  unfounded  suspicion  that  at  one 
time  existed  against  the  Kashmir  Government  was  dispelled. 

After  returning  to  England  in  somewhat  enfeebled  health  in  1872, 
Drew  was  for  some  time  unemployed,  and  he  devoted  his  leisure  to 
the  preparation  of  his  book  on  Jummu  and  Kashmir,  upon  which 
his  reputation  for  the  future  must  mainly  depend.  In  1875  he 
accepted  a  mastership  at  Eton,  and  remained  in  the  college  until  his 
death.  The  duties  of  his  post  required  constant  attendance,  and  for 
the  last  few  years  he  has  been  but  rarely  able  to  take  part  in  the 
meetings  of  any  of  the  London  scientific  societies.  He  was,  how- 
ever, too  widely  known,  and  too  generally  esteemed  by  his  old 
friends  of  the  School  of  Mines,  the  Geological  Survey  of  Great 
Britain,  the  Geological  Society,  and  the  Royal  Greographical  Society, 
as  well  as  by  those  who  knew  him  in  Kashmir,  to  be  forgotten,  and 
it  is  a  matter  for  deep  regret  that  his  untimely  death  has  prevented 
his  taking  that  position  amongst  scientific  men  in  London  for  which 
his  talents,  his  knowledge,  his  tact,  and  pleasing  manners  pre* 
eminently  qualified  him.^ 

Mr.  Drew  was  elected  a  Fellow  of  the  Geological  Society  in  1858, 
and  of  the  Royal  Geographical  Society  in  1872. 


3SJ:iSOEXiXi-A,IsrEOTJS- 

William  Smith,  L.L.D.,  "The  Father  of  English  Geology." 

Prof.  Judd  has  called  attention  to  an  error,  often  copied  from  **  The  Life  of 
William  Smith,'*  by  his  nephew,  the  late  Professor  John  Phillips,  F.R.S.,  of  Oxford, 
in  which  it  is  stated  that  **  his  bust,  surmounting  the  tablet  to  his  memory,  is  in  the 
beautiful  antique  church  of  All  SaintSy  at  Northampton,  where  his  lemains  lie 
buried"  (see  Geol.  Mao.  for  Feb.  1892,  p.  95).  William  Smith  lies  buried  a  few 
feet  from  the  west  tower  of  the  fine  old  Norman  church  of  Saint  Peter's  at  North- 
ampton. The  bast  is  placed  within  the  church,  against  the  west  wall  of  the  nave, 
south  of  the  grand  ^  orman  arch  over  the  entrance  to  the  tower.  It  stands  on. 
a  marble  pedestal  inscribed : — 

**To  honour  the  name  of  William  Smith,  LL.D.  This  monument  is  erected  by 
Friends  and  Fellow -labourers  in  the  field  of  British  Geology.  Bom  23rd  Maroh, 
1769,  at  Churchill  in  Oxfordshire,  and  trained  to  the  Profession  of  a  Civil  Engineer 
and  Mineral  Surveyor,  He  began,  in  1791,  to  survey  collieries  and  plan  canals  in 
the  vicinity  of  Bath,  and  having  observed  that  several  strata  of  that  District  were 
characterized  by  peculiar  croups  of  organic  remains,  he  adopted  this  fact  as  a 
principle  of  comparison,  and  was  hy  it  enabled  to  identify  the  strata  in  distant  parts 
of  this  Island,  To  construct  sections,  and  to  complete  and  publish  in  1816  a 
Geological  Map  of  England  and  Wales.  By  thus  devoting,  during  his  whole  life, 
all  the  power  of  an  observing  mind  to  the  advancement  ot  one  Branch  of  Science, 
he  gained  the  title  of  the  *  Father  of  English  Geology.'  While  on  his  way  to  a 
Meeting  of  the  British  Association  for  the  Advancement  of  Science  at  Birmingham, 
he  died  in  this  town,  at  the  house  of  his  friend  George  Baker,  the  historian  of 
Northamptonshire,  28th  August,  1839.^ 

*  From  Proc.  Roy.  Geographical  Society,  vol.  xiv.  No.  1,  January,  1892,  p.  62- 
64,  by  W.  T.  Blanford,  LL.D.,  F.R.S.  J'  r 

»  1  am  indebted  to  the  Rev.  E.  N.  Tom,  M.  A.,  Rector  of  St.  Peter's,  Northampton,, 
for  the  above  trarsiiript.    There  is  no  sculptor's  name  on  the  bust. — H.  W. 
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I.— Preliminary  note  on  the  Sequence  and  Fossils  of  the  Upper 

TuA88io  Strata  of  the  Neighbourhood  of  St.  Cassian,  Tyrol. 

By  Mist  Mauia  M.  Ooilyib,  B.Sc.  (Lond.). 

DURING  the  past  autumn,  at  the  kindly  suggestion  of  Prof. 
Baron  von  Bichthofen,  I  spent  some  montus  in  the  study  of 
the  strata  and  fossils  of  the  neighbourhood  of  St.  Cassian.  My  object 
ins  to  endeavour,  if  possible,  to  determine  the  most  natural  sub- 
divirions  of  these  classic  strata,  and  to  fix  their  characteristic  fossils. 
Ab  the  results  I  have  obtained  are  somewhat  novel,  and  may  prove 
of  interest  to  those  who  are  familiar  with  the  enigmatical  character 
of  the  stratigraphy  of  the  beautiful  region  of  the  Dolomites,  I  may, 
perhaps,  be  permitted  to  give  in  this  place  a  short  summary  of  my 
conclusions,  in  anticipation  of  a  detailed  paper  upon  the  subject. 

Id  1860,  von  Bichthofen  *  published  the  first  detailed  examination 
of  the  Triassio  strata  in  South  Tyrol ;  and  in  this  work  he  sought 
to  explain  the  geological  features  of  the  Upper  Trias  by  application 
of  Darwin's  theory  of  the  conditions  attending  the  growth  of  Coral- 
reefs.  In  the  well-known  work  of  Mojsisovics  ("Die  Dolomit-Biflfe 
Ton  Sud-Tirol  und  Venetien,"  Wien,  1879)  the  Upper  Triassic  strata 
of  the  region  are  grouped  in  five  main  divisions  in  ascending  order. 

fNorie  Strata  =  1.  Buehetuiein  Btdd^s.     2.  Wengen^e^,  \ 

IJpPiB  1  Kamie  Strata  s  3.  Cassian  Beds.  4.  Haibi  Beds.  da.  Dachstein  ( 
Trias,  j  Kaik  (in  part).  j 

\Jihtetic  strata  =  56.  Dachttein  Kalk  (in  part).  / 

This  succession  of  Upper  Trias  is  but  slightly  modified  from 
Hichthofen's ;  one  main  point  of  difiereuce  is  that  Kichthofen  places 
between  the  Cassian  and  Raibl  Beds  the  Schlem  Dolomite,  which  he 
holds  (1)  to  be  younger  than  the  Buchenstein,  Wengen,  and  part  of 
Cassian  strata,  and  (2)  in  some  cases  to  rest  unconforraably,  as  at 
Schlem  mountain,  on  Mendola  Dolomite  (Mnschelkalk)  ;  (3)  to  bo 
of  local  occurrence.  Mojsisovics,  on  the  other  hand,  states  that  tho 
tbree  groups  of  the  Buchenstein,  Wengen,  and  Cassian  Beds  are 
lumnaUy  stratified,  but  that  all  three  are  locally  represented  by 
massive  non-stratified  dolomitic  reefs  of  the  same  age.  He  draws 
attention  also  to  the  appearance  of  thinner  lenticular  beds  of  dolomite 
at  any  horizon  in  the  Wengen  and  Cassian  strata. 

*  Oeo^osriche  Beschreibunp  der  IJniL'ogend  vou  Prtdazzo,  Sanct  Cassien  und  der 
Seitter  Alpe  in  Siid-Tyrol.     4to.     Goihu. 
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Both  Richthofen  and  Mojsisovios  are  of  opinion  that  the  Cassian 
and  Haibl  beds  with  their  oharacteristio  faunas  are  essentially  of 
limited  occurrence,  having  been  deposited  in  occasional  lagoons  and 
quiet  bays. 

My  personal  mapping  of  the  stratified  deposits  near  St  Cassian 
and  at  Seeland  Thai  and  Cortina  bas  enabled  ine  to  show  tbat  a 
further  subdivision  of  the  Wengen  and  Cassian  strata  is  possible  and 
necessary ;  and  the  detailed  study  of  the  i*ocks  and  fossils  makes  it 
clear  that  each  of  these  proposed  subdivisions  is  distinguished  by 
both  lithological  and  palteontological  characters  peculiar  to  itself. 
The  most  natural  grouping  of  the  strata  seems  to  me  to  be  as  follows 
in  descending  order : — 


Dachstbin  Kalk 


Baibl  Beds. 


08    O  5 

0  S  S  0° 


OQ 


f  ScHLERN  Dolomite 


Cassian  Beds. 


-   SO 

at  « 


.A  greyish-white  dolomite,  rarely  limestone;  tbe 
rock  is  stratified,  and  usually  of  compact  character. 
Megaiod<m  Iriquetus  (WulL). 

.Dolomitic  breccias,  bituminous  limestones,  sand- 
stones, beds  of  gypsum,  pure  dolomite,  and 
rariegated  ferruginous  clays. 
Fossils :  Ostrea  moHtet-eapriiit  (Elipstein),  JTy*- 
phoria  Ke/ersUinii  (Goldf.),  Corbii  Melimfki 
(Hauer),  etc. 

,.A  dolomite  of  drusy,  highly  crystalline  character; 

fossils  rare ;  corals,  euchnites,  biTalves. 


a 
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Middle  Cattian 

or 
Muren  zone. 


Lincer 


< 


•    o 
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Upper  Qwian  \  Fossiliferous  marls,  dark  clays,  light  grey  ihilei 

or  >      and  interstratified  limestones. 

Frelongei  zone.  )  Montlivaltia  creuata  (Miinst.),    Cladophyllia  in*- 

dicholoma      (Sube.),       Juoplophora     Muntttri 
(Wissra.),  Avicuia  Gea^  d'Orb. 
Marls,  impure  clays  and  shales  with  interstratified 
oolitic  sandstones  and   limestones,  and  beds  ol 
arragonite,  the  whole  series  showing  admixtnn 
of  volcanic  mud. 
Fossils  tew :  Mytilus  Miineteri  (Klipst ),  Encrinitee, 
also  plant-remains. 
Cassian  \  Dark  fossiliferous  marls  and  clays  and  interstratified 
or  I      beds  of  hard  fossiliferous  limestone. 

Stuores  zone,   J  Uastraa  Giimbeli  (Laube.),  Nucula  Imeata  (Goldf.), 

Casiiatiella  decusmta  (Miinster),  Koninekia  Ltw^ 
Atfrrfi  (Wissra.),  Ttrebratula  i«rf»*<i«c/a(B*yrich). 
Wenoen  Beds. 

Up.  Wengen. — Breccias  (composed  of  limestone  and  Tolcanic  ma- 
terial), thin-banded  limestones  and  claTs,  thick 
beds  of  brownish  sandstone — arragonite  beds. 

Posidoni'inifa    Weugentiis   (Wissmann),   TrachpeerMt 
f urea  turn  (Miinstt.T). 
fb.  Tufaceous  sandstones  &  impure  limestones  ;  black 
eruptive  tulfs  with  or  without  augite  porphyry. 

Laonella  L^mimrli  (Wissra.  sp.),  and  plant-remaim 
[EqutHetites^  etc.) 

a.  Hiilobia  shales,   Daonella  Lommeli  (Wissm.  «p.) 
(of  local  occurrence). 


Lr.  Wengen. 


•••••«••••••••••••  ••••••••••••••••■•••••••«•• 


Horizon  of  the  *  Buchen- 
steiner   beds   and  13.  . 
dolomite*  (Mojs.).       ) 


I 


Augite  porphyry  or  volcanic  series,  and  Buchenstein  strata. 
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Below  come  the  equivalents  of  the  Muschelkalk,  which  lay  outside 
the  sphere  of  my  researches. 

There  ia  no  ^i-eat  difficulty  is  establishing  this  detailed  sequence, 
tt  the  beds  between  the  Buchenstein  strata  and  the  Dachstein  are 
exposed  in  ^od  sections ;  each  zone  is  individualized  by  its  own 
litbological  features  and  the  characteristic  fossils  were  collected  on 
the  ground.  There  is  a  replacement  of  older  by  newer  forms  in 
ptssing  upwards ;  but  no  recurrence.  The  two  great  calcareous 
dolomitio  series — the  Schlern-Dachstein  above  and  the  Muschelkalk 
below — are  separated  over  a  large  district  by  the  entire  non-dolomitio 
jeriea,  and  even  the  well-known  Cipit  limestones  prove  themselves 
to  be  constant  Coralline  zones  in  the  Cassian  period. 

In  determining  the  limit  of  Wengen  and  Cassian  strata,  I  wished 
to  emphasize  the  first  appearance  in  Triassic  time  of  the  varied  and 
highly  characteristic  fauna  of  St  Cassian.  In  this  respect  my 
mapping  differs  in  many  places  from  that  of  Mojsisovics,  e.g.  in  the 
typical  St  Cassian  district  the  Cassian  strata  are  limited  in  the  map 
of  Mojsisovics  to  the  Prelongei  heights,  and  correspond  generally  to 
the  "Upper  Cassianer  Strata"  in  the  succession  given  above.  At 
the  lame  time  Mojsisovics  mentions  in  his  text  that  the  Cassian 
foRsils  are  found  on  both  the  Stuores  and  Huchenstein  slopes  of  the 
Prtlongei  ridge.  These  slopes,  from  which  the  main  part  of  the 
Cassiftn  fossils  are  derived,  I  have  mapped  as  Middle  and  Lower 
Cassian  strata.  Again,  on  the  Seisser  Alpe,  Mojsisovics  maps  no 
Cassian  strata,  preferring  to  regard  the  fossils  in  Cipit  Alpe,  etc., 
18  being  of  Wengen  age,  although  remarking  that  they  resemble 
the  later  Cassian  fossils.  In  other  places,  his  so-called  *' Kiff-Kalk," 
or"Cipit-Kalk,"  is  said  to  thin  out  in  Wengen  strata  or  in  Cassian 
strata.     The  **  Riff-Kalk  "  contains  Cassian  fossils,  and  is  of  Cassian 

By  means  of  the  above  subdivisions,  and  certain  zones  in  these, 
I  have  also  found  it  possible  to  show  that  the  district  is  cut  up  by 
many  dislocations  which  could  not  previously  have  been  traced 
through  the  Wengen  and  Cassian  strata ;  but  this  part  of  my  work 
is  not  yet  finished.  Another  fact  which  appears  is  that  the  liuibl 
rtrata  lie  always  above  the  Schlern  Dolomite,  and  that  they  are 
different  in  character,  and  stratigraphically  separated  from,  the 
Cawian  strata,  virhich  invai-iably  lie  below  the  Schlern  Dolomite. 
This  has  a  distinct  bearing  on  the  much-discussed  question  of 
the  ••  Cardita  strata  "  in  the  North  Alps.  In  the  carefully- workf^d 
actions  of  N.  or  Bavarian  Alps  the  ''Upper  Cardita'"  Heds  aro 
proved  to  be  Raibler  strata  resting  upon  '*  Wetterstein  Kalk,"  while 
the  Farinach  strata,  which  afford  Cassian,  Wengen  and  Buchenstein 
fossils,  underlie  the  Wetterstein  Kalk. 


148        Prof.  0.  NovcJc — On  a  Difcinocaria  from  Bohemia. 

II. — On  thb  OccnRBBHCB  OP  A  New  Fobm  ot  Discisocakis  m  tbb 
Gbaptoutio  Beds  of  tqe  "Colonic  Haidinorb"  in  Bohbmu. 
Bj  IVofeuor  Ottahab  NotIk. 

TX  the  Quart.  Jonm.  Geol.  Soo.,  vol.  xxxvi.  1880,  p.  617,  Mr. 
John  E.  Marr  menliona  having  exaroinfld  three  Bpecimeu 
of  a  Phyllopo<iiform  Cnnttaoeao  discovered  by  Mr.  Martin  Dual  in 
the  strata  of  "  Colunie  HniJiiiger,"  situated  oot  far  from  the  viUsge 
of  Gross- chuchle,  soiilh  of  Prat^ne. 

The  specimens  were  then  identified  with  DUcinoenrii  BrowniaM, 
H.  Woodw.,  figured  and  described  in  the  Hftine  Journal,  vol,  xxiL 
1866,  p.  503,  pi.  25.  fif,'R.  4,  5.  and  7.  Tliey  lire  alw)  mentioned 
by  Dr.  H.  Woodward  sml  Prof.  T.  Rujwrt  Jones  in  the  Tliird  Report 
of  the  Committee  on  llie  FoBsil  Pliyllopoda  of  the  Palaeozoic  Rocks, 
lft85,  p.  2,  under  Mr,  Marr's  specific  determination. 

Having  worked  for  some  time  past  on  a  revision  of  the  fo»il 
Fhyjlopoda  occurring  in  the  Palieozuic  rocks  of  Bohemia,  I  examiosd 
the  three  specimens  in  Mr.  Dusl's  collection,  besides  two  otben 
collected  by  myself  in  the  same  beds  some  years  ago. 

Ilie  following  figure  nod  description  give  sufficient  evidsnoe  of 
the  characters  of  the  fossil  id  question. 


Hi 


DiKinoearit  Duiliana,  HorbV.     Nat.  uie. 
Id  the  Oeologicsl  Uiueum  of  the  Bohemiun  UniTcniiy  at  Pntgnc. 

Dtscription. — The  shield  flattened,  oval  in  outline,  without  any 
median  suture,  but  trUDCuted  in  front  by  a  nuchal  notch,  leaving  ft 
broad  re-entrant  angle,  with  rather  concave  aides  and  with  an  apex 
reaching  about  one-third  of  the  shield's  original  length.  Width  of 
the  nuchal  notch  precisely  one-sixlh  of  the  entire  circumferenoe. 
Snrriice  finely  striated ;  the  stris  disposed  excentrically  round  about 
the  apex  of  the  frontal  notch.  1'he  triangular  frontal  piece  wanting 
in  nil  five  specimens  under  examination.  The  shield,  if  complete, 
would  be  about  22  mm.  long,  19  mm.  broad.  The  total  length  from 
the  aj)ex  of  the  notch  to  the  posterior  margin  being  15  mm. ;  slope 
of  nuchal  suture  about  46°. 

The  superficies  of  the  shield  seems  to  have  been  originally  some- 
what convex,  but  appears  to  have  been  flattened  by  foroibla 
compression,  as  indicated  by  the  radiate  fissures  in  our  Woodcat. 

It  is  evident  that  the  carapace  just  described  represents  a  new 
form  of  Di$cinocarit,  for  which  I  propose  the  specific  appellation  of 
D.  DiuUana,  after  Mr.  Dusl,  who  first  drew  attention  lo  the  fossil. 

DiiemoMtit  Brouniana,  H.  Woodw.,  differs  from  the  Bohemiut 
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Bpeciefl,  firstly,  by  its  cironlar  outline ;  secondly,  by  the  nuchal  notch 
reaching  backwards  nearly  to  the  centre  of  the  carapace ;  thirdly, 
bj  the  different  slope  of  the  nuchal  suture. 

The  fauna  of  the  *'  Colonie  Haidinger  "  shows  the  same  composition 
ai  the  lowest  Graptolitic  horizon  of  stage  E — e  1.  The  most  common 
fovilsof  this  "colony"  being  ifono^rap^tM  Becki,  Barr.,  and  BaatriteB 
feregrintm,  Barr. 

Haying  no  sufficient  materials,  I  will  not  discuss  the  question  if 
the  Bhields  called  Diadnocaris  should  he  regarded  as  opercula  of 
Cephalopods  or  carapaces  of  Phyllopodiform  Crustaceans;  hut  it 
niBt  be  remarked  that  no  trace  of  Cephalopoda  has  yet  been  dis- 
eoTered  in  the  "  Colonie  Haidinger." 


III. — A  New  British  Phonolitb. 

By  Frbobrick  H.  Hatch,  Ph.D.,  F.G.S. 

(By  pennlflnoii  of  the  Director- General  of  the  Geological  Surrey.) 

TN  working  out,  at  the  request  of  Sir  Archibald  Geikie,  the  petro- 
l  graphy  of  the  Lower  Carl)oniferous  Volcanic  rocks  in  Had- 
dingtonshire (the  results  of  which  I  propose  shortly  to  publish).  I 
We  been  led  to  examine  the  igneous  material  that  builds  up  the 
Mated  hills  (necks),  situated  on  the  margin  of  the  volcanic  area 
of  the  Gtirlton  Hills.  Among  these,  the  rock  of  Traprain  Law 
s^pecially  attracted  my  attention.  It  is  a  close-grained,  dark  brown 
to  grey  rock.  Some  varieties  have  a  glistening  or  greasy  surface, 
>&dare  speckled  over  with  dark  spots,  while  others  show  glancing 
cleavage  surfaces  of  a  clear  glassy  felspar  (sanidine). 

The  stone  is  quarried  at  the  foot  of  the  hill.  On  examining  the 
broken  material  in  the  quarry,  I  noticed  a  tendency  to  split  into 
rtther  thin  plates.  This  "platy  fracture,"  taken  in  conjunction  with 
the  fact  that  the  stone  has  a  remarkably  sonorous  ring  under  the 
hammer,  and  gives  a  metallic  clink  when  small  fragments  are  rattled 
together,  might  perhaps  have  suggested  its  real  nature.  But  it  was 
Dot  until  I  had  studied  a  series  of  thin  sections  that  the  true  character 
of  the  rock  became  apparent.  Microscopic  examination  shows  that 
the  rock  is  a  irachytic  phonoUte,  and  thus  adds  another  to  the  spai*sely 
developed  nepheline-rocks  of  the  British  Isles. 

As  I  intend  to  describe  this  occurrence  more  fully  elsewhere,  I 
will  confine  myself  in  this  place  to  a  brief  description.  The  rock 
hears  no  resemblance  to  the  well-known  phonolite  of  the  Wolf  Rock, 
described  by  Mr.  Allport  in  1871.  It  differs  from  that  rock  in  the 
abflenoe  of  members  of  the  hauyn-nosean  group,  and  by  an  inferior 
development  of  nepheline. 

Instead  of  occurring  in  clearly  discernible  crystals,  as  in  the 
Cornish  rock,  the  nepheline  of  the  Traprain  Law  phonolite  is 
oonfiDed  to  small  colourless  to  cloudy  patches,  or  is  interstitially 
'hedged  in  between  the  felspar-lathes  of  the  ground- mass.  The 
■^tisfactory  identification  of  nepheline  when  thus  developed  is  the 
•onroe  of  much  trouble  and  vexation  of  spirit.  Taking  refuge  in 
micro-chemioaL  methods,  I  found  that  a  drop  of  hydrochloric  acld^ 


150  G.  W.  Bulman — Dnft  Coal  in  Sandstone. 

placed  on  a  smooth  surface  of  the  rock,  rapiiUj  produced  gelatiniza- 
tion,  and  that  the  jelly,  when  dried  and  treated  with  acetate  of  uranium, 
developed  abundant  characteristic  crystals  of  the  double  acetate 
of  uranium  and  sodium.  The  presence  of  a  sodium-bearing  mineral 
in  the  rock  was  thus  placed  beyond  doubt.  By  treating  a  section 
with  hydrochloric  acid,  and  staining  with  fuchsine,  after  washing  off 
tl)e  acid,  the  nepheline-patches  were  fairly  well  defined.  Finally,  to 
make  quite  sure  of  the  matter,  I  sent  a  specimen  of  the  rock  to 
Professor  liosenbusch,  of  Heidelberg,  who  was  good  enough  to  have 
a  very  thin  slice  prepared,  in  which  he  succeeded  in  detecting  the 
presence  of  small  four-  and  six-sided  sections  of  nepheline.  Prof. 
Kosenbusch  confirms  my  diagnosis  of  the  rock,  and  refers  it  to  the 
trachytoid  division  of  the  phonolites  in  his  classification  {Physio- 
grophie  der  massigen  Gesteine^  vol.  ii.  p.  622). 

The  main  portion  of  the  rock  is  made  up  of  small  lath-shaped 
crystals  of  sanidine,  presenting  in  their  mode  of  arrangement  a 
marked  micro-fluidal  structure.  Porphyritic  crystals  of  sanidine 
also  occur,  but  not  very  frequentl3\  The  only  other  constituent  of 
any  moment  is  a  green  au^^ite  giving  high  extinction  angles.  The 
presence  of  aegirine  has  not  been  detected.  Apatite  and  sphene  also 
occur  in  isolated  granules.  In  the  nepheline-patches  the  alteration 
of  that  mineral  has  given  rise,  as  usual,  to  the  formation  of  zeoUtes 
(anulcime  and  uatrolite). 

Geological  Survey  Office,  28,  Jermyn  Street,  S.W. 
Feb,  20M,  1892. 

IV. — Drift  Coal  in  Sandstone. 

By  G.  W.  Bulman,  M.A., 
Corbridge-on-Tyne. 

THE  most  exclusive  advocates  of  the  hypothesis  of  the  terrestrial 
origin  of  Coal  admit  that  those  small  irregular  patches,  veins, 
and  nests  of  the  same  occurring  in  beds  of  sandstone  are  formed  of 
drift  vegetation.  And  admitting  this,  it  is  difficult  to  di-aw  the  line 
until  we  have  ascribed  a  similar  origin  to  certain  definite  coal  seams 
of  considerable  extent.  Granting  this  much,  however,  is  obviously 
a  different  thing  from  the  belief  that  all  coal  seams  are  to  be  ascribed 
to  drift  vegetation  ;  and  while  the  following  remarks  are  intended 
to  show  what  a  strong  argument  such  drift  coal  in  sandstone  fur- 
nishes for  the  probable  drift  origin  of  certain  coals,  there  is  no  in- 
tention of  ascribing  such  an  origin  to  coal  in  general. 

Such  drift  coal  in  sandstone  is  of  very  common  occurrence  in  the 
Coal-measures,  and  good  examples  are  to  be  seen  in  the  coast-section 
of  the  Northumberland  coal-field.  Jt  seems  strictly  analogous  to 
those  similar  patches  of  shale  which  are  also  common  in  sandstone, 
and  the  same  origin  must  be  ascnbed  to  both. 

The  explanation  in  the  case  of  the  shale  is,  that  the  currents  which 
brought  the  coarser  material  of  the  sandstone  failed  at  intervals,  and 
that  consequently  the  finer  sediment — which  would  otherwise  have 
been  carried  further  and  laid  down  by  itself — was  allowed  to  settle 

hollo WB  among  the  coarser,  and  was  in  turn  overlaid  by  it  when 
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the  currenta  regained  their  force.  And  we  must  suppose  the  same 
carrenU  brought  down  vegetable  matter,  which,  when  their  force 
failed,  might  be  laid  down  among  the  coarser  sediments,  and  would 
at  other  times  be  carried  beyond  and  laid  down  by  itself.  The 
obTious  inference  is,  that,  as  beds  of  pure  shale  are  due  to  the  same 
drift  origin  as  the  fragmentary  patches  in  the  sandstone,  so,  if  we 
allow  a  drift  origin  for  the  fragmentary  coal,  we  must  also  admit 
the  probability  of  the  accumulation  of  beds  of  pure  vegetable  matter 
by  the  same  agency. 

Bat  as  in  the  case  of  shale  we  find  every  gradation  between 
included  fragments  in  sandstone  or  shaly  sandstone,  and  strata  of 
pure  shale,  so — if  the  origin  is  the  same — should  we  find  a  similar 
wries  of  transitions  in  the  case  of  coal.  And  such  is,  in  fact,  the 
case.  For,  as  we  have  shaly,  so  we  have  carbonaceous,  sandstones ; 
and  as  we  have  shales  intercalating  with,  and  occurring  as  isolated 
naases  of  considerable  extent  in,  sandstone,  so  we  find  it  also  in 
tbe  case  of  ooal. 

Iq  the  Survey  Memoir  of  the  Yorkshire  Coal-field  some  good 
examples  of  the  complicated  intercalations  of  shale  and  sandstone 
•re  given  (see  pp.  73  and  94).  These  are  similar  to  the  intercala- 
tions of  coal  and  sandstone  in  connexion  with  one  of  the  **  rock 
fanlts  "  described  and  figured  in  the  Memoir  of  the  South  Stafford- 
sbire  Coal-field. 

Reference  to  the  sections  (figs.  4  and  5)  given  on  pages  184  and 
lt»j  of  this  latter  Memoir  shows  the  intimate  connexion  of  the  coal 
and  sandstone.  And,  as  Mr.  Jukes  remarks,  even  the  minute 
veins  of  coal  are  **  perpectly  bright  good  coal."  It  is  difficult 
to  account  for  this  purity  combined  with  intimate  intercalation  on 
the  theory  of  growth  in  situ,  and  the  similarity  to  the  intercalations 
of  shale  above  referred  to  suggest  for  the  coal  a  similar  origin. 

In  the  Coal-measures  of  Central  France,  again,  M.  Fayol  describes 
nomerous  examples  of  the  minute  intercalations  and  interlaminations 
of  the  coal  with  sandstone  and  shale.  In  their  intimate  ramifications 
with  the  sedimentary  deposits  these  portions  of  coal  seams  are 
Btrictly  comparable  to  the  intercalations  of  shale  and  sandstone  of 
the  Yorkshire  Coal-field,  and  to  the  branching  of  the  **  Thick  coal  '* 
in  connexion  with  the  *'  rock  fault."  And  they  form  one  of  the 
arguments  which  have  led  M.  Fayol  to  advocate  a  drift  origin  for 
tbe  coal. 

Such  intercalations  of  coal  and  sandstone,  then,  while  they  form 
a  difficulty  on  the  hypothesis  of  terrestrial  accumulation,  are  just 
what  we  should  expect  if  we  ascribe  to  the  coal  an  origin  similar 
to  what  we  allow  for  the  shale. 

Tbe  purity  of  the  coal — even  in  the  thin  veins — and  its  clear  lines 
of  demarcation  from  the  sandstone  can  only  be  attributed  to  the 
sorting  power  of  water;  the  hypothesis  of  floods  carrying  sediment 
over  the  edges  of  the  swamp  where  vegetation  was  accumulating 
cannot  account  for  this  purity  of  the  thin  layers  of  coal ;  for  the 
^wth  of  vegetation  after  each  flood  would  necessarily  mingle  itself 
^ith  the  mudy  and  be  in  turn  thoroughly  permeated  by  that  brought 
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down  by  the  next.  But,  admitting  the  drift  origin  of  theee  int0^ 
calations,  it  follows  that  the  "  Thick  coal  '*  itself,  of  which  seam  they 
are  portions,  must  be  attributed  to  a  similar  origin. 

Coal-seams  may  also  be  broken  up  by  intercalated  bands  of  sand- 
stone, as  in  the  following  section  of  the  *' Eailblades '*  Goal  of  the 
Midlothian  Coal-field : 


Frft. 

Inches. 

Sandstone  and  Shale 

10 

8 

i>oai  •••        •••        ••• 

1 

6 

Sandstone     ...        ... 

2 

11 

xyOttl   •■•              •••              ••• 

1 

1 

Sandstone  and  Shale 

3 

2 

vOai  ••»         ...         ... 

1 

10 

Sandstone  and  Shale 

78 

1 

(Memoirs  Geological    Survey,   Qeology  of  the  Neighbourhood  of 
Edinburgh,  p.  97.) 

Similarly  thin  seams  of  coal  may  occur  in  beds  of  sandstone,  as  in 
the  following  section  on  page  100  of  the  same  Memoir  : 

Feet.  Inobet. 

Grey  Sandstone      62  0 

v>oai  ...         ...         ...         ...         ...         ..«           V  o 

Sandstone    ...        ...        ...         ...        ...          3  0 

There  are,  moreover,  certain  areas  of  coal — usually  of  limited 
extent — which  are  attributed  to  drift  vegetation  by  advocates  of  its 
terrestrial  origin  in  general.  Thus  Prof.  Green  attributes  the  origin 
of  cannel  coal  to  the  accumulation  of  drift  v^etation  in  ponds  or 
lakes : — 

''The  presence  of  fossil  fish  in  cannels  shows  that  they  must 
have  been  formed  under  water,  and  they  probably  consist  of  vege- 
table matter  which  has  drifted  down  into  ponds  or  lakes  and  lay 
soaking  till  it  became  reduced  to  pulp  "  (Coal,  by  Professors  Green 
and  Miall,  etc.,  p.  31). 

And  if  it  be  admitted  that  the  sand,  mud,  and  vegetable  matter 
drifted  down  by  streams  into  the  pond  or  lake  were  sorted  so  as  to 
produce  beds  of  more  or  less  pure  coal,  is  it  not  necessary  also 
to  admit  that  a  similar  sorting,  on  a  much  larger  scale,  would  take 
place  with  the  vegetation  and  other  d^brta  carried  down  to  the  sea  ? 

Thus  we  are  led  to  admit  the  possibility  of  more  extensive  beds 
of  coal  being  formed  of  drift  vegetation.  Nor  is  it  necessary  to 
assume  that  such  drift  coal  will  necessarily  be  cannel.  For  the 
obviously  drift  coal  we  have  been  considering  is  not  cannel,  but 
ordinary  bituminous  coal,  with  the  usual  cleavage. 

If,  then,  cannel  coal — as  seems  probable — was  formed  by  drift 
vegetation,  and  ordinary  bituminous  coal  in  sandstone  has  a  similar 
origin,  there  seems  no  reason  why  areas  of  the  latter  as  extensive 
as  those  of  the  former,  or  even  more  so,  should  not  occur.  Such  a 
conclusion,  however,  leaves  unexplained  the  dififerences  between 
cannel  coal  and  the  ordinary  bituminous  coal  found  in  sandstonOi 

Other  considerations  point  to  the  conclusion  that  in  certain  oases 
ordinary  bituminous  and  cannel  coal  have  been  formed  under  the 
same  conditions  as  to  place. 

In  the  Northumberland  Goal-field,  for  example,  no  distinct  and 
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npamte  beds  of  cannel  occur ;  it  is  only  portions  of  seams  of  ordinary 
ooid  which  furnish  it 

'  In  Sootlandy  ag^ain,  a  seam  of  coal  2  feet  tbick,  and  lying  between 
two  beda  of  limestone,  has  the  upper  8  in.  oannel  (Geology  of 
Neighbourhood  of  Edinburgh,  Surv.  Mem.  p.  BB). 

It  seema  the  natural  conclusion  to  suppose  that  the  two  kinds  of 
ooel  were  formed  in  the  same  way. 

Cannel  coal,  again,  is  found  at  times  resting  on  an  underclay  like 
an  ordinary  bituminous  ooal.  The  well-known  **  Boghead  "  oannel, 
for  example*  is  thus  underlaid.  And  in  the  sections  from  the  Coal- 
field of  Cape  Breton,  given  by  Sir  J.  W.  Dawson,  on  p.  414  of  his 
Acadian  G^logy,  four  seams  of  cannel  coal  are  given  as  resting  on 
nnderclaya.  The  presenoe  of  such  underclays  beneath  coal  seams 
is  one  of  the  main  arguments  in  favour  of  the  origin  of  coal  in  sitik ; 
and  however  we  interpret  it  in  this  case,  it  is  suggestive  of  a  com- 
mon origin  for  cannel  and  ordinary  coal  in  some  cases  at  least. 

And  as  coal  and  shale  are  both  found  in  irregular  strings  and 
patches  in  sandstone,  so  coal  is  found  associated  in  the  same  way 
with  beds  of  shale.  Thus  we  find  described  in  the  Survey  Memoir 
of  the  Yorkshire  Coal-field  **  a  section  of  strings  of  coal  in  shale 
about  1  foot  long  and  1  inch  at  the  thickest,  thinning  out  towards 
each  end  "  (p.  579).  And  on  p.  519  of  the  same  Memoir  we  find  the 
following  section  showing  the  same  phenomenon  in  underclay  : — 

Feet.    Inehea. 

>yCNU  ...  «•■  .*.  ...  ...  .a.  o  O 

Underelap  dud  CoaI'Veifu 0  8 

Sandy  Underclay 1  6 

Sandy  Shale...        ...        ...        ...        ...  1  9 

Sandistone    ...        ...        ...        ...        ...  2  0 

Underlay  and  Coal'Veint 4  1 

And  from  this  occurrence  of  veins  of  coal  in  underclay  to  the 
following  section  from  the  same  Memoir,  where  the  coal  may  be 
said  to  play  the  role  of  ''  partings "  in  a  bed  of  underclay,  is  but 
a  Btep: 

Feet.    Inches. 

x^OvIl   ...  ...  ...  ...  ...  ...  U  O 

Underclay 4        1 

Vi/ VAX    •••  •••  •••  •••  •••  •••  V  ^2 

Underclay 2        2 

^^vlU  •••        •••        •••        •••        •••        •••  V        ^ 

Underclay 1        6 

x/oai  ...         ...         ...         ,..         ...         ...  \t        o 

(High  Moor  Lane  Pit,  p.  167.)  Between  such  a  section  as  the 
above  and  the  average  coal-seam,  where  underclay  or  other  fine- 
grained rock  forms  the  *' partings/'  the  difference  is  again  merely 
one  of  degree. 

And  similar  patches  and  veins  of  coal  are  found  not  infrequently 
in  limestone.  Here,  again,  is  coal  obviously  of  drift  origin,  and  as 
in  the  previous  cases  it  is  pure,  bright,  cleaved  coal  like  that  of  the 
ordinary  seams  of  the  Goal-measures. 

The  fragments  of  coal  in  limestone  lead  to  the  consideration  of 
the  coal-seams  associated  with  limestone  strata,  as  in  the  Lower 
CarboniferouB  of  Northumberland  and  Scotland.     In  North  umber- 


154        W,  M.  Hutchings — Ash-alates  of  the  Lake-DUtrieL 

land  the  coal  is  sometimes  directly  overlaid  by  a  limestone,  and  rests 
with  its  accompanying  underclay  on  a  sandstone.  We  can  scarcely 
suppose  an  abrupt  transition  from  terrestrial  conditions  to  those 
requisite  for  the  formation  of  limestone  :  or,  in  other  words,  that  the 
sinking  area  would  not  pass  through  the  stage  where  sand  and  mud 
would  be  deposited  on  the  coal.  And  there  is  a  further  difficulty 
in  understanding  how  the  terrestrial  surface  could  be  lowered  to 
the  requisite  stage  for  the  formation  of  limestone  without  sufifering 
extensive  denudation.  A  more  probable  supposition  seems  to  be, 
that  the  shallow,  near-shore,  conditions  which  allowed  the  formation 
of  a  sandstone  gave  place  gradually  to  the  deeper  water  in  which 
imderclay,  coal,  and  limestone  were  formed  in  succession. 

Further  examples  of  limestone  directly  overlying  coal-seams 
may  be  cited  from  the  Carboniferous  Limestone  Series  of  Scotland. 
Thus,  Sir  A.  Geikie  describes  a  limestone  "of  a  compact  bluish- 
grey  texture,  with  abundant  fragments  of  small  encrinites,"  resting 
on  "an  eight  or  ten  inch  setim  of  coal "  (Geology  of  Edinburgh, 
Surv.  Mem.  32  Scotland,  p.  48). 

Again,  a  section  given  on  p.  55  of  the  same  Memoir  shows  a 

2  feet  seam  of  coal  overlaid  by  8  feet  of  limestone  and  resting  on 

3  feet  of  "Cement" — a  kind  of  impure  ferruginous  limestone.  It  is 
interesting  to  note  that  the  upper  8  inches  of  this  coal  is  "  Parrot " 
or  cannel  coal. 

On  p.  81  of  the  same  Memoir  Mr.  Howell  describes  an  exceedingly 
interesting  case  in  which  a  coal-seam  with  its  fire-clay  occurs  between 
two  beds  of  limestone.  The  seam  is  not  continuous,  and  the  two 
beds  of  limestone  sometimes  come  together. 

Such  a  case  would  be  extremely  difficult  to  explain  satisfactorily 
on  the  growth  in  situ  hypothesis,  and  it  is  not  easy  to  resist  the 
conviction  that  if  the  limestone  was  formed  in  moderately  deep 
water,  and  some  little  distance  from  land,  coal  and  fire-clay  were 
also  formed  under  approximately  similar  conditions  of  depth  and 
distance  from  shore. 

On  the  whole,  then,  it  must  be  admitted  that  the  occurrence  of 
such  fragmentary  drift  coal  as  we  have  been  considering  furnishes 
a  strong  argument  that  seams  of  ordinary  coal  way,  in  certain  caseSj 
have  had  a  similar  origin. 


V. — Notes  on  the   Ash-Slates  and  other  Rooks  of  the  Lake 

District. 

By  W.  May^ard  Hutchings,  Esq. 

WHILST  studying  the  sedimentary  roofing-slates  of  North  Wales 
and  Cornwall,  and  allied  materials,  my  attention  was  also 
directed  to  those  most  interesting  rocks,  the  ash-slates  of  the  Lake 
District,  often  externally  so  closely  resembling  some  of  the  Welsh 
and  Cornish  examples,  though  differing  so  much  in  origin.  In 
course  of  time  I  have  collected,  and  had  sections  prepared  from, 
a  considerable  number  of  specimens  from  many  quarries  and  other 
places  at  vanoas  parts  of  the  district,  both  very  fine-grained  well- 
'  aotual  roofing-slates  and  also  the  attendant  coarser  beds. 
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A  fall  understanding  of  the  changes  these  deposits  have  under- 
gone, and  their  present  nature,  would  require  a  large  amount  of 
fuller  stodj,  especially  in  a  chemical  direction ;  hut  some  of  the 
results  of  my  observations  may  he  worth  recording  as  far  as  they 
go,  even  if  only  on  the  chance  that  they  may  perhaps  induce  some 
woricer,  with  more  time  and  opportunity  at  his  disposal  than  I 
possess,  to  take  up  the  investigation  of  these  rocks.  In  the  Lake 
District  we  have  a  wonderful  field  for  the  petrological  microscopist 
and  chemist,  which  has  been  singularly  neglected,  I  think,  consider- 
ing the  avidity  with  which  petrological  work  has  been  taken  up  of 
late  years. 

Perhaps  this  comparative  neglect  may  be  less  seen  in  future,  since 
the  paper  by  Messrs.  Barker  and  Marr  on  the  Shap  rocks  has  shown 
what  splendid  work  may  he  done  there  hy  competent  workers. 

If  we  examine  a  series  of  the  finer-grained  rocks  of  the  district, 
taking  some  of  those  worked  as  roofing-slates  as  especially  typical, 
we  find  considerable  variation  in  texture,  corresponding  to  dififerences 
in  composition  as  shown  hy  the  microscope.  Thus  the  larger  portion 
of  such  slates  are  seen,  in  thin  sections  under  low  and  moderate 
powers,  to  consist  of  more  or  less  well-defined  and  recognizahle 
fragments  and  grains  of  various  kinds, — lapilli,  felspars,  caloite, 
chlorite,  etc., — bedded  in  and  surrounded  by  varying  amounts  of  a 
paste,  or  base,  so  to  speak,  which  is  exceedingly  fine-grained.  This 
very  fine-grained  material  increases  in  some  slates  till  it  becomes 
the  sole  constituent,  while  in  others  it  plays  only  a  more  subordinate 
part;  but  it  is  always  present  and  always,  within  certain  limits, 
similar  in  appearance  under  the  microscope,  till  we  pass  over  into 
the  coarser-grained  ashes  and  tufls  which  are  not  classed  as  slates 
at  all. 

In  order  to  study  the  nature  of  this  pervading  **base,"  I  will 
select  one  or  two  special  occurrences,  in  which  the  original  nature 
of  the  materials  from  which  they  have  been  formed  can  be  ascertained 
with  considerable  certainty. 

There  is  an  old  quarry  in  the  valley  of  Mosedale,  near  Shap,  in 
which  beautiful  examples  of  these  ash-slates  occur.  Bands  of 
various  coarseness  of  grain  succeed  one  another  in  narrow  limits 
and  pass  abruptly  into  one  another,  corresponding,  apparently,  to 
Bndden  changes  in  the  condition  of  the  volcanic  detritus  being 
deposited.  A  coarser  band,  for  instance,  will  consist  very  largely 
of  good-sized  lapilli,  sharply  outlined  and  well  preserved,  formed 
for  the  most  part  of  normal  andesitic  rocks  of  the  district,  but  with 
rhyolite  also  represented,  and  will  contain  also  many  detached 
crj-stals  and  fragments  of  felspar,  with  varying  amounts  of  grains 
of  calcite  and  patches  of  chlorite. 

A  succeeding  fine  band  will  show  none  of  these  lapilli,  recogniz- 
able fmgments  of  felspar,  etc.,  but  consists  absolutely  of  the  very 
fine  base  which  surrounds  the  lapilli,  etc.,  in  the  coarser  band.  We 
cannot  doubt  that  it  represents  the  alteration-product  of  the  very 
finest  dust  of  the  same  materials  as  make  up  the  coarser  band,  and 
therefore  that  it  consisted  originally  mainly  of  andesitic  and  felspathic 
powder  with  a  little  rhyolite  intermixed. 
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It  18  Tery  diffioalt  to  make  ODt  mDch  as  to  ita  exact  Datnre  Dnder 
the  microscope ;  nothing  bat  the  Tery  thinnest  films  are  of  any  ose. 
Taking  the  thinnest  edges  of  thin  sections,  or  the  margins  of  little 
holes  worn  in  the  last  stages  of  grinding,  and  studying  these 
carefully  with  a  ^  or  ^  objective  and  good  illnmination,'  the  most 
prominent  constituent  is  seen  to  be  a  very  pale-green  chlorite  in  a 
felted  mass  of  extremely  minute  flakelets,  mainly  arranged  flat  in 
the  plane  of  cleavage.  In  polarized  light  one  sees  large  numbers  of 
minute  rod-like  bo«Jies  lying  in  all  directions  in  among  the  chlorite, 
strongly  bi-refractive»  extinguishing  quite  parallel,  their  long  axes 
being  axes  of  least  elasticity.  In  ordinary  light  these  rods  are  not 
seen  at  all.  There  are  also  countless  minute  grains  of  another  mineral, 
mainly  so  small  that,  owing  to  the  very  high  refraction  which  they 
possess,  they  appear  as  opaque  bodies ;  but  larger  ones  occur  with 
transparent  colourless  to  yellow  centres.  These  grains  are  so 
numerous  that  the  whole  slide,  under  low  power,  seems  simply  full 
of  a  dark  dust  The  largest  grains  attain  to  a  diameter  of  about 
itHit  inch.  By  examining  such  of  these  larger  grains  as  occur  at 
spots  in  the  slide  which  remain  dark  on  rotation  between  crossed 
Kicols,  it  is  seen  that  they  are  isotropic. 

On  rotating  the  section  in  polarized  lights  the  whole  appears  as 
a  faintly-speckly,  cry ptocrystal line,  felsitic- looking  mass,  full  of  the 
brightly-polarizing  minute  rods  above  spoken  of,  and  one  suspects 
that  there  is  some  other  matter  present  besides  those  mentioned, 
but  it  is  so  wholly  enveloped  in  and  masked  by  the  chlorite  that 
nothing  can  be  safely  made  out 

If  a  thin  section  is  treated  alternately  with  hot  hydrochloric  acid 
and  solution  of  caustic  potash,  the  chlorite  may  be  mostly  removed ; 
but  this  operation  succeeds  better  using  powdered  slate,  digesting 
thoroughly  with  moderately  strong  acid,  washing  free  from  the  dis- 
solved chlorides  and  treating  with  hot  potash  solution  to  remove 
separated  silica,  afterwards  mounting  the  small  grains  and  flakes  in 
balsam.     Material  so  prepared  is  free  from   chlorite   and  reveals 

^  In  the  matter  of  illaminatioii,  I  have  for  a  long  time  given  up  attempting  to 
work  by  daylight,  which  in  this  climate  is  usually  of  too  inferior  a  quality  and  too 
capricious  for  anything  but  low -power  work.  After  experimenting  in  Tarious  ways 
I  now  make  use  of  an  ordinary  good  microscope -lamp  burning  paraffin.  The  lamp- 
chimney  is  of  pale-blue  glass,  and  the  bull's-eye  condenser  used  with  it  is  also  blued, 
by  cementing  to  the  flat  side  of  it.  with  Canada-balsam,  sufficient  thicknesses  of 
pale-blue  glass  so  that  the  field  of  light  obtained  in  the  microscope  appears  bright 
white,  like  the  best  daylight.  The  adjustment  of  the  quality  of  the  light  can  uso 
be  controlled  by  observing  the  colours  in  polarized  light  of  several  points  on  a 
quartz-wedge  (or  better,  on  a  mica-wedge  made  as  recommended  by  Mr.  Dick)  first 
m  good  daylight  and  then  in  the  light  of  the  lamp.  The  depth  of  blue  glass  added 
to  the  condenser  should  be  such  tb^t  the  colours  are  exactly  the  same  in  both  cases. 
Then,  with  a  good  full  flame  and  using  the  broad  side  of  it,  the  light  should  be  so 
thrown  on  to  the  mirror,  from  the  flat  side  of  the  condenser,  that  the  mirror  is 
just  covered  with  light.  The  effect  in  the  microscope  is  the  same  as  working  with 
an  exceptionally  fine  sky  and  one  is  sure  that  one's  work  will  not  be  spoilt  by  a 
change  in  the  light.  Anybody  who  has  once  got  used  to  working  in  this  way  and  to 
the  great  advantage  of  always  working  with  the  aatne  light  will  not  again  for^o  its 
advantages,  but  will,  even  in  the  daytime,  make  exclusive  use  of  arti6cal  fight. 
My  own  experience  also  is  that  work  with  a  good  steady  white  light  of  this  sort  is 
less  trying  to  the  eyes  than  anything  else. 
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maoh  more  of  its  nature.    The  dark  granular  matter,  enlarging  into 
transparent  grains,  is  still  present  in  the  same  abundance  as  before. 
Its  isotropic  character  is  now  more  easily  ascertained.     Taking  its 
various   characteristics  as  stated,   together  with  the  fact  that  no 
amount  of  boiling  in  strong  acid  affects  it,  there  is  no  reason  to 
doubt  that  this  granular  mineral  is  garnet     It  is  far  too  minute  to 
allow  of  any  mechanical  separation  of  it.     The  brightly-polarizing 
rods  are  also   present  as   before,  and   it  may   now   be   made  out 
that  they  are  the  transverse  sections  of  minute^  flakes  of  a  faintly 
yellowish  to  greenish  mica,  apparently  a  '*  sericite  "  in  all  respects 
analogous  to  the  minute  mica  of  the  fireclays  and  sedimentary  slates. 
This  mica  and  the  garnets  are  seen,  especially  on   rotation  in 
polarized  light,  to  be  intimately  mixed  in  with  some  other  substance, 
whose  exact  nature  cannot  be  determined.     There  is  a  very  minute 
mosaic  of  low  polarization-tints,  partly  due  to  such  of  the  mica  as 
lies  more  or  less  flat  in  the  field,  but  in  which  one  is  led  to  expect 
also  quartz  or  felspar,  or  possibly  both.     More  or  less  of  the  com- 
ponent grains  of  this  mosaic  show  faint  dark  crosses,  due  to  spheru- 
litic  structure,  as  of  chalcedony. 

A  proper  quantity  of  powder  of  this  slate  having  been  carefully 
prepared  in  the  above  manner  with  acid  and  caustic  potash  (especial 
care  being  taken  to  wash  out  the  last  traces  of  the  potash),  was 
dried  at  110°  C.  and  a  very  careful  analysis  has  been  kindly  made 
for  me  V>y  my  friend  Mr.  George  Paterson,  of  Liverpool,  to  whom 
1  am  much  indebted  for  the  great  trouble  he  has  taken  in  making 
this  and  the  following  analyses  for  me. 


Silica 

= 

69-22 

per 

cent. 

Alumina 

=3 

16-70 

Ferric  Oxide 

= 

6-20 

(Includes  a  good  deal  of  undeter- 

Lime 

^ 

1-46 

mined  ferrous  oxide, — hence 

Mn^Desia 

= 

1-80 

excess  in  the  total.) 

Potash 

=: 

4-90 

Soda 

= 

trace 

Water 

= 

2-95 

it 

101-22 

A  consideration  of  this  analysis  shows  at  once  that  a  large  amount 
of  free  silica  is  present.  It  is,  perhaps,  not  of  much  use  to  calculate 
the  mineral-composition,  even  approximately,  from  the  above  figures, 
because  we  do  not  know  the  constitution  of  the  sericitic  mica,  which 
is  probably  more  complex  than  normal  muscovite,  and  contains 
lime,  magnesia,  and  iron. 

Assuming,  for  the  sake  of  argument,  that  its  composition  is  similar 
to  that  of  muscovite  (Tschermak's  formula),  and  that  all  the  potash 
of  the  analysis  is  in  the  mica,  then  the  alumina  required  would  be 
16*06  per  cent,  as  against  15-70  shown  by  the  analysis.  But  then 
there  is  the  garnet  to  provide  for,  and  we  have  no  safe  basis  on 
which  to  calculate  its  compositicm.  It  is  probably  a  lime-iron- 
alumina  garnet.  Also  there  may  be  felspar  present  finely  diftusod 
in  the  mosaic.  All  that  we  are  able  to  say  with  safety  is,  that  after 
removal  of  the  abundant  chlorite  from  this  slate  we  have  remaining 
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a  mixture  which  would  correspond,  in  round  numbers,  to  somethiDg 
like  50  per  cent,  of  sericitic  mica  and  garnets,  and  50  per  cent,  ol 
free  silica  in  the  form  of  quartz  with  apparently  some  chalcedony 
In  some  slides  the  minute  quartz-mosaic  expands  and  gets  coarsei 
at  places,  when  its  nature  is  more  easily  made  out  Felspar  is  not 
usually  distinguishable  in  it.  We  may  look  upon  it  that  the  originaj 
andesitio  and  other  volcanic  dust  of  the  rock  has  decomposed  in 
such  manner  that  the  augite  and  other  ferro-magnesian  constituentf 
gave  rise  to  chlorite  with  garnet,  while  the  felspathic  part  of  the 
mixture  was  largely  altered  to  mica. 

It  is  pointed  out  by  Tscherniak  (Mineralogie,  third  edition,  p.  467] 
that  during  the  alteration  of  potash-felspar  to  mica,  a  large  part  ol 
the  silica  is  liberated,  together  with  the  greater  part  of  the  potasl 
in  the  form  of  silicate.  Kosenbusch  also  points  out  the  same  thing, 
and  shows  that  soda-lime  felspars  undergo  a  similar  change,  which, 
however,  then  involves  also  a  separation  of  lime  as  calcite  (Microscop, 
Physiographic  der  Miiieralien,  pp.  516,  543). 

The  silica  thus  liberated  accounts  for  the  finely  diffused  quarts 
(and  chalcedony)  above  described,  while  calcite,  also  due,  doubtless 
in  part  to  the  same  processes  in  the  felspars,  abounds  in  all  these 
rocks.  Some  of  the  very  fine-grained  bands  may  be  seen  almost 
free  from  it,  as  is  the  slate  we  are  just  now  considering ;  but  it  hai 
then  been  deposited  all  the  more  copiously  in  the  alternating  coarsei 
bands. 

Whether  in  these  cases  of  mica-formation  in  plagioolase-felspan 
the  resulting  mica  is  sometimes  largely  soda-mica  (paragonite),  oi 
is  due  only  to  the  potash  which  is  so  usually  contained  in  theei 
felspars,  does  not  appear  to  have  been  ascertained.  It  would  b< 
very  difficult,  if  not  impossible,  to  get  decisive  chemical  evidence 
It  seems  reasonable  to  suppose  that  in  some  cases,  at  any  rate 
paragonite  will  be  formed  in  a  manner  precisely  analogous  to  th< 
production  of  muscovite.  So  far  as  this  Mosedale  slate  is  concerned 
however,  the  analysis  appears  to  show  that  paragonite  is  not  present 
All  analyses  of  Lake  District  andesites  show  a  notable  percentage  o 
potash,  which  there  is  good  reason  to  suppose  is  mainly  contained  ir 
the  felspar  and  glass  of  the  ground -mass,  and  the  ashes  and  tuffi 
mainly  contain  also  more  or  less  of  rhyolitic,  and  possibly  trachytic 
fragments. 

Garnets  are  alluded  to  as  present  in  some  of  the  Lake  rocks  bj 
Mr,  Ward  and  by  Mr.  Sorby,  but  in  both  cases,  as  far  as  I  under 
stand  it,  in  a  larger  form.  1  do  not  know  that  its  presence  so  finely 
disseminated  and  in  such  abundance  has  been  pointed  out.  SlateJ 
like  these  at  Mosedale,  full  of  minute  garnets,  occur  also  at  manj 
other  parts  of  the  district,  and  it  has  occurred  to  me  whether  some 
of  them  might  not  have  good  qualities  as  whet-stones  conferred  upoi 
them  by  the  presence  of  this  mineral.  The  celebrated  **  coticule  * 
of  Viel  Salm  is  considered  to  owe  its  virtues  to  the  garnets  container 
in  it;  these  are,  however,  very  much  larger  than  the  largest  of  tb 
grains  in  the  Mosedale  slates. 

Th«  '*  base "  of  the  slates  is   not  all  garnetiferous.     It  oftex 
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occurs,  both  by  itself  and  in  mixture  with  coarser  matter,  quite  free 
from  garnet-grains,  but  in  other  respects  exactly  the  same  as  just 
described.  An  example  of  this  may  be  taken  from  the  old  quarries 
at  the  top  of  Rentmere  Valley,  a  little  below  the  reservoir.  Some 
of  the  slates  here  are  of  the  utmost  fineness  and  smoothness  and  in 
outward  ap[>earance  could  not  be  distinguished  in  any  way  from 
some  Welsh  sedimentary  slates. 

The  microscope  shows  the  same  intimate  mixture  of  chlorite,  mica, 
and  ultra-fine  quartz- mosaic,  but  free  from  garnet  A  sample 
prepared  as  before  was  analyzed  by  Mr.  Paterson  with  the  following 
results : — 


(FerrooB  oxide  not  determined.) 
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We  see  here  that  silica  is  in  still  greater  abundance,  and  that  soda 
has  not  so  fully  disappeared,  which  perhaps  partly  corresponds  to 
the  fact  that  some  few  small  grains  of  clastic  felspar  are  still  dis- 
cernible in  the  specimen  from  which  this  analysis  was  made,  the 
material  having  been  a  trifle  coarser  than  the  Mosedale  specimen,  in 
which  no  such  grains  now  remain.  The  soda  may  also  be  here 
partly  in  the  mic^i,  or  there  may  be  also  regenerated  felspar  in  the 
mosaic. 

The  above  two  occurrences  of  fine-grained  slate  were  selected 
partly  for  the  reason  that  from  among  many  examined  they  seemed, 
on  microscopic  examination,  to  be  the  most  highly  micaceous  and 
most  completely  altered,  and  the  subsequent  analyses  bore  out  this 
selection.  Another  instance  may  be  given  of  a  very  fine-grained 
slate  (from  a  quarry  at  Grasrnere),  which  gives  chemical  results 
differing  considerably  from  the  former  ones.  Under  the  microscope 
just  the  same  things  are  seen  as  in  the  Mosedale  slate.  It  differs  in 
containing  more  chlorite  and  a  good  deal  of  finely-disseminated 
calcite ;  and  it  is  rather  less  micaceous.  After  extraction  with 
acid  and  potash  as  before,  just  the  same  sort  of  material  remains 
behind,  the  garnets  being  rather  larg«^r  than  at  Mosedale. 

A  sample  was  prepared,  half  of  which  was  extracted  as  before, 
and  the  original  and  extracted  portions  were  taken  by  Mr.  Paterson 
for  determination  of  silica  and  alkalies,  the  following  figures  being 
obtained  :  — 

A.  Original.  B.  Extracted. 

Silica     =  6175  percent.  77*40  per  cent. 

Potash   =     0-85       „         I^.q^^^  2-40       „  l7.o7„^ 

Soda      =     6-49      „         J6-34p,c.  ^.g^      ;^  J7  27p.c. 

Looking  first  at  analysis  B.,  we  see  that  a  very  large  amount  of 
soda  is  present  as  compared  with  the  Mosedale  and  Kentmere  cases. 
The  potash-percentage  is  not  very  different  from  that  at  Kentmere. 
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Comparing  A.  and  B.,  the  most  striking  fact  is  that  though  the 
removal  of  the  chlorite  and  calcite  has  tripled  the  potash-percentage 
in  the  residue,  the  soda  has  not  only  not  kept  pace  with  it,  but  has 
actually  diminished,  so  that  much  the  greater  part  of  it  has  been 
removed  by  the  digestion  with  moderately  strong  acid. 

As  regards  the  form  in  which  the  soda  is  contained  in  these 
samples,  it  is  not  possible  to  make  any  definite  statement,  as  the 
microscope  does  not  assist  us.  There  is  hardly  a  trace  of  clastic 
felspar  to  he  identified  ;  how  much  may  be  present  as  minute  dust 
still,  or  as  secondary  material  in  the  fine  mosaic,  cannot  be  ascer- 
tained. 

The  solubility  of  so  large  a  part  of  the  soda  may  be  explained 
in  two  ways.  Zeolitic  minerals  exist  in  these  rocks,  and  though 
nothing  can  be  made  out  microscopically  in  this  instance,  there  may 
be  a  considerable  amount  of  Boda-zeolites  finely  disseminated. 

There  is  another  explanation  which  may  not  improbably  be  com- 
bined with  the  above,  viz.  that  this  particular  band  of  slate  was 
formed  from  an  ash  much  more  basic  than  in  the  case  of  the  Mose- 
dale  and  Eentmcre  bands.  It  may  be  noted  that  the  most  basic 
rock  hitherto  observed  in  the  Borrowdale  series  occurs  near  Gras- 
mere  (Geol.  Mag.  Dec.  1891,  p.  538),  and  some  of  the  coarser  ashes 
in  the  neighbourhood  also  point  to  basic  rocks.  The  fine  slate  now 
under  consideration  is  traversed  by  bands  of  coarser  material.  One 
of  these,  within  an  inch  from  where  the  material  for  analysis  was 
taken,  though  obviously  originally  composed  largely  of  lapilli,  is 
now  almost  wholly  made  up  of  grains  of  chlorite  and  calcite,  point- 
ing to  rocks  more  basic  than  the  usual  andesites  as  having  been 
largely  among  the  components.  The  finest  dust  of  such  material 
would  contain  more  labradorite,  or  other  basic  felspar,  than  do  the 
andesites.  I'he  removal  of  much  calcite  and  iron  in  solution,  during 
decomposition  of  the  augite,  eto.,  of  such  dnst,  would  cause  a  relative 
enrichment  as  to  silica  and  alkali  (A.  is  richer  in  alkali  than  most 
ashes  and  other  rocks  in  the  district).  Finally,  alteration  of  the 
fine  ash  may  be  here  less  complete  than  in  the  cases  previously 
dealt  with,  and  there  may  still  be  some  labradorite,  etc.,  present, 
finely  divided,  and  attacked  during  digestion  in  acid. 

Of  the  soda  which  remains  in  B.  some  part  may  be  in  the  mica, 
and  a  part — probably  the  larger  part — as  felspar.  Some  of  this 
felspar  may  be  original  dust  of  more  acid  felspars,  but  it  is  more 
likely  that  it  is  in  the  form  of  "  regenerated  "  felspar  in  the  mosaic 
with  the  quartz  and  mica.  Examination  of  the  coarser  ashes  and 
tuflfs,  as  well  as  andesites.  of  this  district,  shows  the  regeneration  of 
felspar  (albite,  andesine?)  to  be  most  abundant  and  widespread 
(see  further  on),  and  though  the  microscope  is  not  able  to  demon- 
strate it  in  the  very  fine-grained  mosaic  of  this  "  base  "  of  the  slates, 
it  is  quite  reasonable  to  suppose  that  such  regeneration  has  in  some 
cases  taken  place  there  also,  under  the  same  conditions  of  chemical 
change  and  intense  dynamic  action. 

At  any  rate,  whatever  be  the  correct  explanation  of  the  chemical 
facts  as  to  this  particular  slate,  we  see  that,  taking  these  rocks  aa 
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a  whole,  the  prooesses  which  have  gone  on  are  oomplex  and  diverse, 
and  that  the  miorosoope  is  even  more  than  usually  in  need  of 
chemical  aid  in  attempting  to  interpret  them.^ 

(To  be  concluded  in  our  next  Number,) 


VI. — The  Age  of  the  Himalayas. 
By  W.  T.  Blanford,  LL.D.,   F.R.S.,  etc. 

WHEN  a  case  is  hopeless,  there  are  two  recognized  ways  of 
ignoring  the  fact,  and  yet  of  appearing  to  reply  to  an 
adversary.  One  is  the  legal  device  commonly  known  as  '  abusing 
the  plaintiff's  attorney,'  the  other  is  the  equally  familiar  method  of 
replying  to  something  that  the  opposite  party  did  not  say.  The 
latter  has  been  preferred  by  my  friend  Mr.  Howorth  in  his  paper 
on  •*  The  Absence  of  Glacial  Phenomena  in  large  parts  of  Western 
Asia  and  Eastern  Europe,*'  published  in  the  February  Number  of 
the  OeologioaIj  Magazine,  pp.  54-64,  as  the  following  instances 
will  show. 

(1)  In  the  August  Number  of  this  Magazine  for  last  year  (p.  373), 
I  contended  that  the  salt  plains  of  Central  Asia  afiford  no  proof  of 
the  former  occupation  by  the  sea  or  by  extensive  lakes  of  the 
depressions  in  which  salt  now  collects.  I  said,  however,  that  the 
evidence  afforded  by  similar  plains  in  Persia  appeared  to  me  at  one 
time  so  strong  that  I  was  led  away  by  it  and  mistook  them  for 
ancient  lake-basins.  These  remarks  of  mine,  which,  as  any  one  may 
see  by  referring  to  them,  relate  solely  to  the  salt  plains,  are  applied 
by  Mr.  Howorth  to  the  observations  of  Humboldt,  Tchihatcheff, 
Von  Cotta  and  Severtsof  on  the  absence  of  glacial  phenomena  in 
the  Urals,  Altai  Mountains,  and  Tbian  Sban  range.  I  thought  I 
had  especially  guarded  myself  against  being  drawn  into  a  dis- 
cussion about  mountains  concerning  which  1  know  nothing;  and 
I  must  protest  against  words  of  mine  relating  to  one  part  of  the 
argument,  the  salt  plains,  being  applied  io  a  diHtinct  subject,  the 
glacial  phenomena  on  mountain  ranges.  To  prevent  any  mistake, 
I  may  add  that  the  circumstance  of  my  declining  to  discuss  any 
question  about  these  ranges  by  no  means  iniplies  that  I  admit  either 
the  accuracy  of  the  views  quoted,  or  of  Mr.  Howorth's  deductions 
from  the  quotations. 

(2)  I  pointed  out  that  Mr.  Howorth's  argument  about  the  Hima- 
lajas  appeared  to  be  this :  that  if  the  Himalayas  existed  during  the 

*  It  is  interesting^,  in  connexion  with  these  fine-j^rained  ash-slutes,  to  refer  to 
the  *♦  altered  ashes*'  in  the  contact-zone  of  the  Shap  granite,  as  described  by 
Barker  and  Marr.  The  intimate  mixture  of  chlorite,  mica,  and  quartz  giviss  rise  to 
the  much  larper  mosaic  of  quartz  and  biotite.  The  quartz  is  converted  into  much 
larger  individualized  grains.  The  sericitic  mica  is  absorbed  into  the  biotite,  as  is 
w  OHually  the  case  when  sedimentary  slatis  are  altered  by  granite -contact.  The 
finely-disseminated  p^amet  (if  originally  present  in  the  ashes  at  Shap)  is  apparently 
also  re-absorbed  daring  these  processes,  as  I  have  sought  for  it  in  vain  in  many  Shap 
sections. 

In  the  mosaic  of  these  Shap  contact-rocks  fels])ar  is  somptimes  seen,  sometimes 
not.  which  fact  rather  lends  support  to  some  of  tlie  inferences  I  have  drawn  as  to  the 
interpretation  of  the  analytical  results. 

DKCADB  III. TOL.    IX. — NO.   IV.  W 
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Glacial  epoch,  the  Himalayan  glaciers  woald  have  invaded  the 
plains  of  India,  just  as  the  Alpine  glaciers  reached  the  plains  of 
Lombardy  ;  and  I  said  that  this  was  precisely  equivalent  to  arguing 
that  the  glaciers  of  the  Alps  at  the  present  day  ought  to  descend  to 
the  sea-level  because  those  of  Greenland  do  so,  the  difference  in 
latitude  between  the  Himalayas  and  Alps  being  about  the  same  as 
that  between  the  Alps  and  Greenland.  Mr.  Howorth  says  he  does 
not  quite  understand  the  reference  to  latitude ;  he  asks  what  latitude 
has  to  do  with  the  question,  and  then  proceeds  to  a  disquisition 
about  the  Urals,  Altai  Mountains,  and  Northern  Hockies.  I  decline 
to  complicate  the  question  by  dealing  with  these  mountains.  Mr. 
Howorth  says  it  is  not  latitude  that  has  to  do  with  the  question,  but 
an  abundant  supply  of  moisture  and  a  sufficiently  powerful  source 
of  cold.  I  can  only  conclude  from  this  that,  in  Mr.  Howorth's 
opinion,  the  temperature  of  the  earth's  surface  does  not  vary  with 
the  latitude,  or  did  not  in  the  Glacial  epoch,  and  that  the  distance 
from  the  Equator  has  no  relation  to  the  ''source  of  cold."  I  quite 
admit  the  importance  of  an  abundant  supply  of  moisture  in  the 
production  of  glaciers,  and  I  believe  the  reason  that  no  glacial 
markings  are  to  be  seen  on  some  mountains  is  simply  due  to  want 
of  sufficient  snow. 

(3)  By  far  the  best  example  of  a  reply  of  Mr.  Howorth's  to 
something  that  I  did  not  say  is  in  the  case  of  the  Tibetan 
Hhiuoceros.  I  said  (p.  374),  "  where  Yaks  can  find  food,  there  is 
no  reason  why  a  Rhinoceros  should  not  obtain  subsistence."  I  also 
pointed  out  that  the  remains  of  PantholopB,  an  antelope  now 
peculiar  to  high  elevations  in  Tibet,  occurred  with  those  of  the 
Tibetan  Rhinoceros,  and  I  asked  if  it  were  more  likely  that 
Paniholops  formerly  inhabited  a  low  level  or  the  Rhinoceros  a  high 
one.  These  two  arguments  Mr.  Howorth  says  he  does  not  quite 
follow,  and,  to  show  that  he  does  not,  he  understands  me  to  say, 
"  that  because  the  Wild  Ass  and  the  Antelope  can  live  now  at  great 
heights,  the  Rhinoceros  could  do  the  same." 

This  is  really  a  stroke  of  genius.  It  is  almost  a  pity  that  Mr. 
Howorth,  having  set  up  so  beautiful  a  man  of  straw,  should  have 
been  tempted  by  the  bad  example  of  his  predecessors  in  the  art, 
into  dealing  with  his  creation  as  it  has  been  customary  to  deal  with 
men  of  straw  from  time  immemorial.  For  in  his  song  of  victory 
over  his  discomfited  puppet,  he  deals  with  subjects  concerning  which 
his  acquaintance  is  somewhat  imperfect.  He  informs  us,  for  instance, 
that  the  Rhinoceros  is  a  tree-feeding  and  shrub-feeding  animal, 
which  is  startling,  as  two  of  the  five  species  now,  or  very  recently, 
existing,  namely,  R.  aimus  and  B.  unicornisy  live,  or  lived,  chiefly,  if 
not  entirely,  on  grass,  and  then  he  adds  that  "  we  know  the  kind  of 
trees  which  the  Rhinoceroa  antiquiiatis  fed  upon,"  which  is  perfectly 
true,  but  has  nothing  to  do  with  the  food  of  the  Tibetan  Rhinoceros, 
for  whatever  the  latter  may  have  been,  it  was  assuredly  not  R.  anti' 
quitatisy  nor  had  it  any  near  affinity  to  R.  antiqniiaiis.  A  reference 
to  the  "  Catalogue  of  Fossil  Mammalia  in  the  BritiHh  Museum " 
(vol.  iii.  p.  168)  will  show  that  the  Tibetan  Rhinoceros  was  closely ' 


I}r.  W.  T,  Blanford — Age  of  the  Himalayas.  163 

(dlied  to  a  species  belonging  to  Aceraiherium,  a  small  hornless 
(extinct)  group,  with  well-developed  incisors  in  both  jaws.  B,  anti- 
^iatu,  as  is  well  known,  was  a  huge  two-horned  animal  without, 
or  almost  without^  incisors. 

Nor  is  this  all.  We  know  that  B,  antiquttatis  fed  on  certain  trees 
(I  believe  it  ate  grass  also,  but  this  is  immaterial),  but  we  also 
know,  not  from  the  examination  of  teeth  belonging  to  two  or  three 
ikulls,  but  from  numerous  observations  on  the  wild  animal,  that 
the  nearest  living  (or  recently  living)  ally  of  B.  antiquitatta,  the 
so-called  White  Bhinoceros  of  South  Africa,  B,  8tmt/8,  feeds  or  fed 
entirely  on  grass  (see,  for  instance,  P.Z.S.  1881,  p.  726),  so  that 
any  inference  as  to  the  Tibetan  Rhinoceros  being  a  tree-  and  shrub- 
fiseder,  from  what  is  known  of  the  food  of  B.  antiquitaitSf  would  be 
worthless,  even  if  the  two  species  were  closely  allied,  instead  of 
belonging,  as  they  do,  to  very  different  sections  of  the  genus. 

Again,  we  are  told  by  Mr.  Howorth  that  the  Rhinoceros  does  not 
graze  on  short  grass.  From  the  context  it  may  be  fairly  inferred 
that  the  grass  of  Tibet  is  regarded  as  short.  Now  'short'  is  a 
leUtive  term ;  various  members  of  the  family  of  grasses  vary  in 
length  from  two  or  three  inches,  or  even  less,  to  20  feet  at  least 
(without  including  bamboos).  But  if  by  short  grass  Mr.  Howorth 
understands  turf,  such,  for  instance,  as  is  found  on  most  English 
WIU,  I  can  only  say  that  the  Tibetan  grass,  which  is  described  by 
Kinloch  as  coarse  and  wiry,  grows  in  tufts  amongst  stones,  and  does 
not  deserve  the  term.  Moreover,  as  Lydekker  has  shown  (Records 
Geol.  Surv.  India,  vol.  xiv.  1881,  p.  183),  there  is  a  considemble 
amount  of  low  bush  and  other  vegetation  besides  grass  on  parts  of 
the  Tibetan  plateau.  I  believe  the  whole  argument  was  completely 
covered  by  what  1  urged  before,  that  where  a  large  bovine  like  the 
Tak  can  find  subsistence,  a  Rhinoceros  (and  especially  a  Rhinoceros 
no  larger  than  a  Yak)  can  do  the  same. 

Mr.  Howorth  also  says  he  does  not  understand  "  why  the  existence 
of  a  zoological  sub-province  in  China,  which  has  been  established  by 
a  chain  of  observers  from  Brian  Hodgson  to  Pere  David,  precludes 
the  notion,  otherwise  so  strongly  supported,  that  the  Highlands  of 
Eastern  Asia  are  a  recent  feature  in  physical  geography."  Here 
the  fault  may  have  been  mine  in  not  explaining  my  argument 
more  clearly,  though  in  cases  where  I  thought  I  was  thoroughly 
explicit,  Mr.  Howorth,  I  regret  to  say,  finds  great  difficulty  in 
following  my  reasoning.  The  point  is  one  of  considerable  interest, 
and  I  may  perhaps  be  allowed  to  explain  it  more  fully. 

In  the  fii*8t  place  I  must  explain  that  my  remarks  on  the  fauna  of 
Tibet  do  not  refer  to  the  zoological  sub-province  in  China,  by  which 
of  course  Mr.  Howorth  understands  the  Indo-Chinese  sub-region 
of  Wallace,  comprising  the  Himalayas  and  Southern  China.  Both 
Brian  Hodgson's  and  Pere  David's  collections  were  chiefly  coni- 
posed  of  specimens  belonging  to  the  fauna  of  this  sub-region,  which 
i*  part  of  the  Oriental  or  Indian  region.  But  both  these  collections 
contained  a  few  gleanings  from  the  true  Tibetan  fauna  which  belongs 
'^  the  Falsearctic  region,  and  contains  scarcely  any  Oriental  forms. 
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Wallace,  in  his  "Geographical  Distribution  of  Animals"  (voL  i. 
p.  216),  did  not  distinguish  the  Tibetan  fauna  from  the  Siberian. 
Hodgson  wrote  a  paper  on  the  Mammals  of  Tibet  in  1842  ;  but  thii 
list  is  naturally  imperfect,  whilst  some  of  the  species  enumerated 
are  not  Tibetan.  I  gave  a  somewhat  fuller  but  still  very  imperfect 
list  in  1876.  I  have  drawn  up  the  following  list  of  known  Tibetan 
Mammals  from  various  sources,  several  additions  having  been  made 
by  Bilchner  in  his  description  of  Przewalski's  collections  from 
Northern  Tibet.  The  limits  of  IHbet,  as  I  understand  it,  are  the 
Himalayas  on  the  south,  the  Kuenlun,  Altyn  Tag  and  Nan-shan 
on  the  noilh  ;  and  the  plateau  extends  from  Ladak  to  Koko-nor 
inclusive,  and  probably  comprises  part  of  Eansu  in  China.  No 
part  of  the  plateau,  so  far  as  is  known,  is  less  than  12,000  feet  above 
the  sea;  but  of  course  our  information  about  the  region  is  still 
imperfect 

Mammalia  of  the  Tibetan  Plateau. 


Insbctivo&a. 
Croeidura  aranea. 
fNeetogale  elegans, 

Carnitora. 

Felis  manul, 

F*  Iptix, 

F.  undo. 
^Faradoxurus  laniger. 

Cants  lupuSj  Tar.  laniger, 

Vulpes  alopeXf  vvr.Jiaveaeetts. 
*  r.  ferrilatus. 

Cyon  Deecanetisia^  Tar. 

Mustela  foinoy  var. 
*Futoriu8  larvatu3, 
*F.  canigula. 

F.  alpitiuSf  var.  temon, 

F.  erminea, 
^Metes  leucura. 
*jV.  alhogularis  P 
f^luropus  melanoletuHt. 

Ursus  arctoSf  var.  pruinosut. 

KODBNTIA. 

fEupetaurus  einereus. 
^Arctomys  Hunalayanus, 
*A.  robustui. 


RoDENTiA — continued, 

*MtM  aublimis. 

*MicrotU8  {Arvicola)  Blythi, 

*M.  limuophilu*. 

*M.  Strauehi. 

*M.  (£remiotny8)  Frtevahkiu 

Siphueu*  Fontanieri, 
*Lngoniy8  Cutzonia, 
*L.  rutiluB. 
*L.  erythrotis. 
*L.  melano8tomu8. 
*L.  Zadacensis. 
*Lfpt(8  oiosioluf, 
*Z.  hypsibius. 

Unoulata. 

Equus  kemionusy  var.  kiang, 
*Bo8  gruntntUM. 
^Oris  Hodgsoni. 

0,  Vigneiy  var. 
*0.  nahura. 

Capra  Sibirica. 
\Patttholops  Hodgsoni, 
fBudoreas  taxicolor  ? 
*Gazella  pieticaudata, 
*Cervus  affinis? 

Moschus  ntoschiferus. 


In  this  list  **  signifies  a  peculiar  species,  f  a  peculiar  genus,  that 
is  a  species  or  genus  not  known  to  exist  out  of  Tibet,  It  will  be 
seen  that  out  of  46  species  in  the  preceding  list  three  are  marked 
with  a  note  of  interrogation.  In  the  case  of  one  of  these,  Mde» 
alhogularisy  the  locality  is  not  I  think  clearly  ascertained,  and  there 
is  a  possibility  that  neither  Budorcas  taxicolor,  nor  Cervus  affintB,  is 
truly  Tibetan,  though  the  first,  at  all  events,  is  probably  so.  It 
should  also  be  added  that  several  of  the  forms,  such  as  Cania  laniger, 
Putorim  temon,  Uraus  pruinoaus,  Equua  kiang,  here  classed  as  varieties 
of  widespread  types,  are  by  many  naturalists  regarded  as  peculiar 
species,   and  Boa   (Po^phagua)  grunniena   and   QazeUa  {ProcapraY 
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Khto  as  peeoliar  genera*  But  omitting  all  duiibtfnl  format 
king  no  aooount  of  varieties  or  subgenerio  types,  it  will  be 
that  in  the  preceding  list  of  43  species,  27  are  peouliar,  and 
genera,  4.  Bo  far  as  I  am  aware  there  is  no  other  instance 
world  of  a  oontineutal  area  of  the  size  of  Tibet  that  contains 
ally  peculiar  Mammalian  fanna.  It  should  also  be  remarked 
f  far  the  largest  proportion  of  species  ranging  beyond  Tibet 
ibited  by  the  Oamiyora,  which  are  great  wanderers,  and  that 
the  Ungulates,  wide-ranging  forms  as  a  rule,  only  four  species 
nine  (omitting  Budorau  and  Cervtu  ajffinis)  are  found  else- 
two  at  least  of  these  four  being  represented  in  Tibet  by  well- 
i  varietiea.  Of  the  Rodents,  16  in  number,  only  one  species  is 
to  range  into  other  parts  of  Asia.  The  solitary  Oriental 
1  or  Indo-Chinese)  species  in  the  whole  list  is  Gyon  DeccanensiSf 
called  Wild  Dog  of  India,  which,  strange  to  say,  does  occur 
Tibet  plateau,  whilst  the  Siberian  representative  of  the  genus, 
SMS,  is  absent  In  other  respects  the  affinities  of  the  Tibetan 
(d  fauna  are  distinctly  PalsBarctic. 

ve  said  that  so  far  as  I  am  aware  no  other  continental  area  of 
(le  size  with  an  equally  distinct  fauna  is  known.  For  similar 
leg  of  specific  and  generic  distinction  we  must  look  to  islands* 
lifferenoe,  for  instance,  between  the  Mammalian  fauna  of 
ascar  and  that  of  Africa  is  far  greater  than  that  between 
immals  of  the  Tibetan  plateau  and  those  of  other  parts  of 
1  and  Northern  Asia;  whilst  the  differences  between  such 
islands  as  Sumatra,  Java  and  Borneo,  or  between  any  of  them 
le  Malay  Peninsula,  is  much  less.  On  the  whole  the  greatest 
ity  to  the  Mammalian  relations  of  Tibet  is  presented  by  the 
of  Celebes,  provided  the  Australian  affinities  of  a  minority 
Celebean  Mammals  be  neglected.* 

view  is,  I    believe,  generally  accepted   that  the  difference 

fauna  of  any  island  from  that  of  the  nearest  land  is  due  to 

)n  of  greater  or  less  duration ;  and  if  the  theory  of  evolution 

pted,  and  it  is  admitted  that  the  different  forms  of  Mammals, 

^r  nearly  or  distantly  related,  have  a  common  origin,  it  is  a 

ible   conclusion  that  the  amount  of  difference  between  the 

inhabiting  two  neighbouring  but  separated  areas  has  a  distinct 

1  to  the  time  that  has  elapsed  since  the  areas  were  isolated 

ach  other ;  those  tracts  in  which  there  is  a  generic  difference 

been   longer  separated  than  those  in  which  the  distinction 

specific. 

s  it  is  probable  that  the  separation  of  Borneo,  Sumatra  and 
rom  each  other  and  from  the  Malay  Peninsula,  is  not  older 
'Jeistocene  or  Newer  Pliocene,  the  isolation  of  Java  being  of 
bat  earlier  date  than  that  of  the  other  two  islands,  llie 
ion  of  Celebes  from  the  rest  of  the  Oriental  region  must  be 
ncient,  and  in  "Island  Life"  Wallace  suggests  that  it  may 
ck  to  Miocene  times.     Bearing  in  mind  that  the  isolation  of 

r  are  probably  of  later  introduction  than  the   Mammals  with  Oriental 
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tlie  Tibetan  plateau  is  far  less  perfect  as  regards  Mamnials  than  that 
of  any  island,  and  that  some  of  the  forms — the  Camivora  especially 
— found  in  Tibet  are  probably  very  recent  immigrants,  it  is  a 
reasonable  conclusion  that  the  peculiar  fauna  of  the  Tibetan  plateao 
has  been  distinct  from  that  of  neighbouring  countries  since  Middle 
Tertiary  times. 

But  what  has  caused  the  isolation  of  the  Tibetan  fauna  ?  Why,  in 
this  one  continental  tract  is  there  a  generic  and  specific  differentiation 
of  the  Mammalia  of  which  no  other  example  exists  ?  There  is  only 
one  character  in  which  Tibet  is  different  from  other  continental 
areas,  its  great  height.  This  alone  renders  the  climate  of  Tibet 
so  different  from  that  of  other  parts  of  Central  Asia,  which  are 
equally  cold  and  barren.  It  seems  a  reasonable  inference  that^  the 
elevation  of  the  Tibetan  plateau  dates  back  to  Middle  Tertiary  times. 

It  is  of  course  probable  that  the  elevation  was  gradual ;  and 
although  the  area  may  have  l>een  sufficiently  high  at  the  close  of 
the  Miocene  period  to  produce  a  difference  in  climatal  conditions, 
the  greater  part  of  the  upward  movement  may  have  been  poet- 
MicK5ene,  and  a  great  part  post- Pliocene.^ 

I  hope  I  have  succeeded  in  making  myself  understood.  I  do  not 
expect  Mr.  Howorth  to  concur ;  in  all  probability  he  has  no  more 
faith  in  evolution  than  he  has  in  subaerial  denudation,  and  will  pre- 
fer to  attribute  the  origin  of  genera  and  species  to  the  same  unknown 
agency  as  that  which  he  supposes  to  have  produced  the  river  valleys 
of  the  Himalayas. 

But  really  arguing  with  Mr.  Howorth  is  hopeless  work.  I  thought 
if  there  was  any  one  point  that  I  had  clearly  shown  it  was  that  the 
late  Mr.  J.  Campbeirs  evidence  as  to  the  absence  of  glacial  action 
in  the  Himalayas  was  worthless.  Mr.  Campbell  never  went  near 
the  higher  Himalayas,  and  he  himself  compared  his  distant  view 
of  the  Sikhim  mountains  from  Darjiling  to  the  look-out  upon  the 
Alps  from  the  church  tower  of  Novara  in  Lombardy.  This  and 
his  other  opportunities  of  seeing  the  higher  Himalayas,  might  fairly 
be  regarded  as  similar  to  those  of  a  Swiss  tourist,  whose  knowledge 
of  the  Bernese  Oberland  is  confined  to  a  view  of  it  from  the  Rigi. 
Would  Mr.  Howorth  accept  the  opinions  of  the  Rigi  visitor  as  to  the 
presence  or  absence  of  glacial  action  in  the  Rhone  Valley  ? 

Mr.  Howorth  quotes  two  **  experienced  observers,"  Mr.  Campbell 
and  General  MacMahon,  whose  testimony  is  decidedly  at  issue  with 
mine  and  who  have  visited  "  the  country"  (p.  55).  Now  "  the 
country"  can  only  be  the  tracts  "high  up  in  the  Himalayas"  mentioned 
in  the  previous  paragraph.  I  can  only  repeat  that  Mr.  Howorth 
is  in  error  in  supposing  that  Mr.  Campbell  visited  the  higher 
Himalayas.  With  regard  to  General  MacMahon's  evidence,  I  r^ret 
I  did  not  reply  before ;  but  all  I  can  say  is  this :  that  I  think  Mr. 

^  In  iiiy  last  contribution  to  this  question  in  the  August  Number  of  this  Maoazoti, 
there  is  a  mistake,  that  I  must  hare  overlooked  in  the  proof,  on  p.  373.  I  wrote: 
'*  Surely  to  say  that  '  a  morement  has  been  distributed  over  the  Tertiary  and  pott<« 
Tertiary  period  and  a  great  portion  is  of  post- Pliocene  date,'  is  not  the  same 
as  to  say  that  the  whole  movement,  or  even  the  greater  part  of  the  moTement,  ii 
post- Pleistocene.*'    The  last  word  has  been  by  mistake  printed  poet-Pliocene. 
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Howorth  would  hare  done  wisely  either  to  avoid  quoting  Grenerol 
MaoMahon  or  else  to  give  the  whole  of  his  evidence  and  not 
merely  the  few  extracts  which  are  in  favour  of  Mr.  Howorth's  thesis. 
For  although  in  his  *' Notes  of  a  Tour  through  Hangrang  and  Spiti/' 
General  MaoMahon  remarks  on  the  paucity — not  the  absence — of 
old  glacial  markings,  in  another  paper  **  On  the  Geology  of  Dalhousie 
in  the  North-western  Himalaya  **  (Rec.  Geol.  Sury.  India,  vol.  xv. 
p.  49),  he  gives  an  account  of  moraines  and  ice-marks  on  the  outer 
nuigea  at  an  elevation  of  only  4700  feet  above  the  sea,  and  thus 
absolutely  contradicts  Mr.  Campbell  on  the  only  point  concerning 
which  the  latter's  evidence  was  valid,  the  presence  of  glacial 
markings  on  the  lower  Himalayan  spurs.  Why  is  this  important 
observation  ignored?  an  observation  not  by  a  mere  visitor  like 
lir.  Campbell,  but  by  an  officer  who  long  resided  on  the  spot  and 
had  exceptional  opportunities  for  careful  observation  ? 

A  little  consideration  will  show  that  General  MacMahon's  notes 
on  Spiti  agree  with  the  observations  in  other  high  Himalayan  valleys 
in  showing  that  the  glaciers  during  the  Glacial  epoch  descended 
considerably  below  their  present  level.  General  MaoMahon  espe- 
cially notes  that  the  Spiti  valley  itself  at  an  elevation  of  about 
11,000  feet  appears  to  have  been  moulded  by  ice.  Naturally  the 
question  that  occurs  is — What  is  at  present  the  mean  level  to  which 
glaciers  descend  in  the  Spiti  valley  ?  Strange  to  say,  although  the 
nnges  that  surround  the  valley  rise  to  19,000  or  20,000  feet,  there 
are  no  glaciers  at  all  on  the  Spiti  side  except  (as  General  MaoMahon 
tells  me)  a  very  small  one  just  inside  the  Bhabeh  Pass.  It  is 
dear  that  in  this  case  the  ancient  glaciers  descended  far  below  the 
level  at  which  glaciers  can  now  exist  And  it  is  only  right  to  add 
that  11,000  to  12,000  feet,  the  lower  limit,  according  to  General 
MaoMahon,  of  the  ancient  glaciers  in  the  Sutlej  valley,  is  consider- 
ably below  the  level  to  which  any  now  descend,  so  far  as  1  am  aware, 
in  any  part  of  the  Himalaya. 

In  concluding  these  remarks,  which  have  extended  to  an  inordinate 
length,  partly  because  hitherto,  when  I  endeavoured  to  compress  my 
u:guments,  1  have  unfortunately  failed  to  make  myself  understood,  I 
may  briefly  point  out  that,  whilst  I  have  Eiocepted  battle  on  Mr. 
Soworth's  ground,  and  fairly  met  the  arguments  he  has  brought 
brward,  he  has  never  attempted  to  deal  with  the  data  on  which  the 
i;eol(^ist8  who  have  devoted  most  time  and  study  to  the  Himalayas 
lave  been  led  to  the  conclusion  that  these  mountains  were  undergoing 
ilevation  throughout  a  great  part  of  the  Tertiary  era.  The  questions 
»f  the  glacial  evidence,  and  of  the  Tibetan  Khiuoceros,  are  side  issues, 
ind  although  I  believe  I  have  shown  that  Mr.  Howorth  is  in  error  in 
X}th  instances,  and  only  appears  to  have  made  out  a  case  because 
le  has  left  out  half  the  evidence,  yet  both  might  be  decided  in 
lis  favour  without  necessarily  involving  the  recent  origin  of  the 
Simalayas.  Almost  any  hypothesis  may  be  rendered  plausible  by 
goring  the  principal  arguments  that  are  opposed  to  it,  and  by 
electing  from  the  works  of  various  writers  a  series  of  extracts 
hat  appear  to  tell  in  its  favour.     If,  for  instance,  any  one  wishes 
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to  demonstrate  that  the  earth  is  flat,  he  will,  I  think,  not  find  it 
difficnlt  to  support  his  contention  by  evidence  similar  in  kind  and 
equal  in  force  to  that  by  which  Mr.  Ho  worth  has  attempted  to  prove 
**  the  Tery  recent  and  rapid  elevation  of  the  Himalayas.*' 

VII. — Heplies  to  various  Cbttioisms. 
By  J.  F.  Blakb,  M.A.,  F.G.S. 

THE  criticisms  which  appeared  in  the  Jannaty  and  Febmary 
Numbers  of  the  Geological  Magazine,  on  certain  writings  of 
mine,  require  some  reply.  It  is  obvious  that  when  an  author 
ventures  in  any  way  to  question  or  remark  upon  the  results  of 
others,  he  must  expect  their  opposition  to  his  statements.  I  have  to 
offer  a  general  apology  to  all  authors  on  whose  writings  I  have 
ventured  to  make  critical  remarks  in  the  **  Annals  of  British 
Geology,"  that  I  was  unable  to  send  them  proofs  of  the  articles 
before  publication,  as  I  hope  to  do  in  future,  as  long  as  the  work 
is  continued.  In  that  way  misunderstandings  would  be  avoided. 
However,  I  must  now  proceed  to  business. 

1.  General  MacMahon  complains  that  a  passage  put  in  inverted 
commas  is  not  his.  It  should  not  have  been  all  put  in  inverted 
commas,  I  admit,  yet  I  cannot  see  that  it  involves  any  misrepre- 
sentation of  his  views.  The  removal  of  silica  spoken  of  cannot  be 
thought  to  refer  to  the  two  molecules  of  olivine  dealt  with,  as  that 
would  spoil  the  equation,  but,  as  the  statement  is  said  to  be  thus 
brought  into  harmony  with  Roth's,  it  must  refer  to  the  additional 
half  molecule,  or  the  fifth  if  we  start  with  four.  So  far  from  saying 
Gen.  MacMahon's  account  must  be  wrong,  I  tried  to  point  out  how  it 
really  agreed  with  Roth's,  though  it  appeared  to  differ.  To  use  the 
General's  illustration,  if  the  son  had  received  a  cheque  for  one  pound, 
and  could  only  get  16a.  cash  for  it,  which  he  spent,  his  outing, 
though  the  items  in  his  account  only  amounted  to  the  latter  sum, 
would  still  cost  his  father  a  sovereign.  If  every  four  molecules 
converted  into  serpentine  involve  the  breaking  up  of  a  fifth,  then  it 
requires  five  molecules  to  produce  two  of  serpentine.  I  am  sorry 
that  Gen.  MacMahon  has  not  availed  himself  of  the  chance  I  offered 
him,  of  giving  us  the  calculation  about  the  volume  involved. 

The  question  I  asked  as  to  why  the  infiltrating  water  does  not  alter 
the  outside  of  a  mineral,  on  its  passage  to  the  centre,  is  satisfactorily 
answered,  provided,  of  course,  (1)  that  increase  in  basicity  in  a  mineral 
of  the  same  general  composition  renders  alteration  easier ;  (2)  that 
minerals  whose  centres  decay  first  show  a  zonal  structure,  and,  if 
this  be  applied  to  olivine,  that  that  mineral  should  be  zoned ; 
(3)  that  corroding  agents  in  contact  with  slightly  varying  material 
do  not  act  on  the  several  parts  in  proportion  only  to  the  ease  of 
doing  so,  but  leave  the  more  difficult  untouched  till  the  other  is  all 
consumed.     Is  all  this  well  known  to  be  true  ? 

There  can  be  no  doubt  that,  as  Gen.  MacMahon  says,  water,  or  at 
least  its  chemical  elements,  finds  its  way  into  the  heart  of  minerals ; 
but  does  it  do  so  as  water?  and  does  it  occupy  Intra-molecular 
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spaces?  This,  however,  I  have  not  ventured  to  discuss,  but  only  to 
criticize  the  actual  arguments  brought  forward  in  this  connexion. 
I  wrote  *'8ic'*  after  the  word  atoms  partly  because  it  sounded  so 
fanny  to  read  of  the  "  atoms  and  molecules  of  which  minerals  are 
composed,"  which  is  like  saying  that  a  sentence  is  composed  of 
letters  and  words,  and  partly  because  I  was  not  sure  whether  the 
phrase  was  a  mere  redundancy,  or  whether  it  was  actually  intended 
to  be  stated  that  heat  enlarged  the  distance  between  the  atoms  in 
a  molecule.  This  may  be  the  case  for  all  I  know,  but  I  do  not 
think  it  can  be  quoted  as  a  generally  admitted  fact  General 
HaoMahon  will  thus  see  that  his  somewhat  cruel  inference  as  to 
why  I  wrote  •*  sic  *'  is  not  corrrct. 

My  illustration  alK)nt  hydrate  of  sodium  sulphate  is  more  to  the 

point  than  Gten,  MacMahon  appears  to  think — the  gist  of  it  is  that 

it  gives  an  example  of  dehydration  by  heat  in  the  presence  and  not 

'*in  the  absence  of  water."     General  MacMahon  says  he  was  con- 

ndering  capillary  flow  under  heat  and  pressure,  but  in  the  paper  he 

really  only  discusses  the  action  of  heat,  and  the  present  discussion 

on  the  effect  of  pressure  is  a  new  one.     In  reply  to  it,  however, 

it  may  be  said,  that  though,  under  the  circumstances,  increase  of 

pressure  may  be  accompanied  by  increase  of  head  of  water,  the 

effect  of  pressure  on  the  mineral  or  rock  would  be  to  close  the  pores 

and  retard  the  supposed  capillary  action,  just  as  a  squeezed  sponge 

will  not  hold  so  much  water  as  a  loose  one.     On  the  other  hand,  it 

would  facilitate  a  certain  kind  of  chemical  change  by  bringing  the 

iDoIeoales  more  within  range,  and  might  thus  cause  hydration,  not 

mechanically,  but  chemically;   other  kinds  of  chemical  change  it 

would  retard. 

2.  Mr.  S.  S.  Buckman  complains  that  statements  which  are  really 

are  made  to  appear  as  mine.     I  cannot  find  them.     Everything 

not  in  square  brackets  is  supposed  to  originate  with  the  author  of 

the  paper.     He  cannot  see  tliat  his  species  are  of  a  "  most  restricted 

kind  "  because  he  has  only  made  five  new  species  out  of  27.     True  ; 

but  the  other  22  are  already  of  the  most  restricted  kind.     I  have 

not  a  word  to  say  against,  but  only  admiration  for,  the  principle  of 

working  out  genetic  series ;  but  a  genetic  series  is  not  a  zoological 

genus,  but  something  more  restricted  ;  and  the  reasons  relied  upon 

by  Mr.  Buckman,  when  given,  for  considering  two  forms  genetically 

connected  are  certainly  to  me  in  many  cases  "  apparently  arbitrary." 

Take  the  case  discussed  of  Haugia  occidentalism     It  is  said  to  be  a 

senile  form,  and  to  have  lost  the  knobs  characteristic  of  the  variabilis 

group.     But  the  only  proof  offered  that  it  belongs  to  the  group  is 

the  statement  (under  H,  Eseri)  that  this  **  is  very  plain  from  their 

suture   line "   which   is    nowhere   either    figured   or   described   for 

H,  occidentcUis  that  I  can  find ;  and  though  the  author  subdivides 

the  strata  most  minutely,  this  and  the  knobbed  forms  occur  in  the 

same  subdivision.     Is  not  then  the  assumption  that  this  is  a  senile 

form  of  a  knobbed  genetic  series  an  arbitrary  one  ? 

Next  as  to  H.  Eseri,     Is  it  possible,  indeed  probable,  that  the 
figures  3,  4,  are  meant  for  the  true  H,  Eseri  of  Oppel ;  but  fig.  3  is 
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drawn  with  a  rounded  and  not  an  angnlar  or  even  perpendicular 
edge  to  the  umbilicus  as  it  should  be.  To  judge  from  the  figwe,  it 
would  be  a  different  form. 

As  to  O.  Aalense.  If  specimens  with  different-sized  umbilicus, 
different  character  of  ribbing,  and  different  shape  of  inner  edge,  are 
all  Tarieties  of  one  species,  and  no  indication  given  of  what  is  the 
common  feature  that  binds  them  all  together,  something  further  in 
the  way  of  "proof"  does  seem  possible. 

0,  subquadratum  versus  O,  Samanni.  No  two  specimens  of  Am- 
monite are  probably  identical,  but  these  seem  to  me  (and  that  is  all 
I  say)  to  be  BO  alike,  even  in  the  matter  of  coiling,  after  measure- 
ment, that  no  sensible  differences  can  be  appreciated  from  the 
figures. 

On  the  question  of  the  keel  on  the  cast  of  a  hollow-keeled 
Ammonite  I  am  clearly  in  the  wrong.  I  was  certainly  not  aware 
that  so  well-marked  a  one  could  co-exist  with  a  hollow  keel  above 
it,  till  Mr.  Buckman  was  kind  enough  to  send  me  a  specimen  in 
which  the  fact  is  indubitable. 

3.  Mr.  Lydekker  says  that  a  superficial  knowledge  of  the  subject 
would  enable  any  one  to  gauge  the  value  of  my  criticisms.  I  do 
not  think  myself  that  it  requires  even  a  superficial  knowledge  to 
appreciate  them,  merely  some  common  sense.  It  certainly  never 
struck  me  that  Orthopleuroaaurus  was  meant  for  a  simple  rectification 
of  Orihocosta,  in  spite  of  the  somewhat  superfluous  remark  that  the 
latter  is  hybrid.  The  proper  rectification,  following  the  author's 
guidance  of  **  poJydens  "  changed  to  "  mvltidens,**  would  be  Beeticosta. 
We  are  not  told  whether  this  is  objected  to,  or  whether  it  and 
Orthopleurus  are  preoccupied,  nor  is  any  reason  given  why  -saurfis 
is  added  on,  so  that  even  now  no  reason  is  given  for  the  actual  result 
of  the  change. 

4.  Dr.  Callaway  has  ordered  pistols  for  two  and  coffee  for  one. 
But  he  scarcely  expects  me,  I  think,  to  accept  his  challenge.  I  have 
nothing  to  gain  by  doing  so,  if  victorious.  The  fact  is,  I  am  so 
thoroughly  convinced  of  my  own  power  of  making  a  mistake,  even 
when  it  seems  most  obvious  that  I  cannot  have  done  so,  that  I  never 
come  to  a  conclusion  of  my  own,  much  less  propound  one  for  the 
acceptance  of  others,  till  it  rests  on  so  many  foundations  that  I  feel 
sure  they  cannot  all  be  wrong ;  the  advantage  of  which  is  that  I 
can  afford  to  give  away  a  few,  if  contested,  without  the  conclusion 
being  much  damaged.  I  do  not  by  any  means  give  away  the  obser- 
vations in  question ;  but  if  Dr.  Callaway  likes  to  take  them,  it  is  not 
worth  while  to  run  after  him. 


l^OTIOES      OIF      n^EZ^JIOIDaS 

I. — Fossil  Dbagon-Flies. 

IN  the  following  work — A  Synonymic  Catalogue  of  Neuropiera 
odonata  or  Dragon-flies,  by  W.  F.  Kirby,  F.L.S ,  etc.,  8vo. 
Gurney  &  Jackson,  London,  lb90 — is  an  Appendix  (pages  165- 
176)  enumerating  all  the  known  Fossil  Odonata,  with  aiithoritiefl; 
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synonjms,  geological  stages,  and  looalities.  This  useful  catalogue 
comprises — Libellnlidss. — Libellalinsd  :  3  genera,  namely,  iBsobni- 
dium  (d  species),  Libellnlitim  (3  species),  Libellnla  (20  species). 
Libellalidsd. — GordnliinsB:  1  genus  (2  spp.).  ^shnidse. — €k)m- 
phinsd,  10  genera;  ^shna  (3  spp.),  Gorophoides  (2  6pp.)»  Ictinus 
(1  sp.),  PVotolindenia  (1  sp.),  Heteropblebia  (7  spp.),  Stenopblebia 
(5  8pp.)>  Oordulegaster  (3  spp.),  Cymatopblebia  (1  sp.),  Uropetala 
(4  spp.),  Petalura  (3  spp.).  iEschnidsd. — ^scbninsB,  2  genera ; 
Anax  (1  sp.),  ^schna  (11  spp.).  Agrionidsa. — Agrioninie,  3  genera ; 
Isopblebia  (2  spp.),  Tarsopblebia  (1  sp.),  Eupbaea  (3  spp.).  Agrio- 
nide. — CoenagrioninsB,  7  genera ;  Podagrion  (1  sp.),  Dysagrion 
(S  spp.),  Coenagrion  (10  spp.),  Steropoidee  (1  sp.).  Litbagrion  (2 
spp.),  Agrionidium  (1  sp.),  Lestes  (5  spp.). 

Geologically  tbe  species  appear  to  be  distributed  tbus : — 

Miocene:  (Eningen,  15;  Scbossnitz,  3;  Auvergne,  1;  Tbe  Brown 
Coal,  Bott  &  Sieblos,  9 ;  Amber,  East  Prussia,  3. 

Oligooene :  Kadoboj,  3 ;  Florissant,  7. 

Eocene :  Provenoe,  1 ;  Monte  Bolca,  1 ;  Wyoming,  3. 

Cretaceous :  Queensland,  1. 

Parbeck  :  7,  Dorset  and  Wilts. 

Jurassic :  31,  Solenbofen,  Eicbstadt,  Pappenbeim. 

Lias,  Upper :  3,  Dumbleton. 

Lias,  Lower  (and  Ebastic)  :  5,  Strensbam,  Binton,  Cbeltenbam, 
Scbambelen.  T.  R.  J. 


IL — The  Geology  and  Mineral  Springs  of  Pantellaria.  By 
Cav.  G.  Jervis,  F.G.S.  "The  Mediterranean  Naturalist,"  Malta, 
December  Ist,  1891,  Vol.  L  No.  7,  pp.  93-96. 

PANTELLARIA,  tbe  largest  of  the  outlying  islands  belonging  to 
Sicily,  and  containing  one  of  the  twelve  Sicilian  volcanoes, 
lies  53  miles  from  Sicily,  and  34  from  the  coast  of  Tunis.  It  is 
8^  miles  in  length  and  4^  in  breadth,  with  an  area  of  25,423  acres. 
Its  Montagna  Grande  rises  2742  feet,  and  it  hew  other  mountains  of 
less  beigbt.  Tbe  south  and  east  sides  have  precipitous  cliffs ;  but 
at  the  northern  extremity  tbe  ground  slopes  gently  downwards  to 
the  coast  with  its  little  port.  The  town  of  Pantellaria  has  3167 
inhabitants;  and  4148  people  live  in  the  five  country  villages  or 
groups  of  cottages.  Volcanic  rocks,  and  rich  soil  from  their  decom- 
position, constitute  the  country.  The  volcano  itself  had  numerous 
prehistoric  eruptions,  from  centre  and  sides.  As  a  member  of  the 
Lipari,  Viilcano,  and  Ischia  system,  it  may  not  be  regarded  as  quite 
extinct,  especially  since  earthquake  shocks,  and  a  submarine  eruption 
not  far  from  tbe  coast,  occurred  in  October  last.  It  may  be  noted 
that  an  upheaval  of  the  sea-bed  for  40  fathoms  would  convert  the 
Adventure  Bank,  now  about  40  miles  from  Pantellaria  towards 
Marsala,  into  an  island,  14  miles  long,  and  3  miles  broad,  and 
rising  nearly  200  feet  above  sea-level.  Thirty-seven  miles  N.E.  of 
Pantellaria,  and  25  miles  from  the  south  coast  of  Sicily,  the  Graham 
Shoal  remains  where  the  submarine  volcano  in  1831  formed  tbe 
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island  which  has  since  gradually  disappeared.  East  of  Pantellaria, 
in  the  direction  of  Malta,  the  little  island  Limosa  is  also  voloanic, 
thus  widening  the  extent  of  this  volcanic  region. 

Like  Ischia,  Pantellaria  has  thenno-minerai  springs,  used  formerly 
by  the  Romans  and  Arabs;  and  indeed  of  the  same  character  as 
those  of  Vichy  and  Inchia ;  and,  if  the  surroundings  were  rendered 
more  favourable  by  the  removal  of  the  convict-station  to  some  other 
Italian  island,  and  if  some  little  capital  were  then  judiciously  laid 
out,  these  medicinal  waters  might  have  much  therapeutic  and 
economic  importance  as  a  convenient  Mediterranean  resort  In  the 
eastern  part  of  the  island  are  the  Oandareddu  de  lu  Bagnu ;  also  the 
Bagnu  or  hot  lake  in  an  old  crater;  and  the  Acqua  della  Grotta  di 
Qadir.  At  the  S.W.  end  of  the  island  is  the  Acqua  della  Gala  Nit4, 
the  hottest  of  all ;  not  far  off  the  Acqua  del  Porto  di  Saura  Basso ; 
and  northwards,  about  five  miles  from  town,  is  the  Acqua  salina  di 
Sataria.  There  are  also  fumaroli,  or  emanations  of  aqueous  vapour. 
One,  termed  Bagno  secco,  is  in  a  cave,  forming  a  Stufa  or  Sudatorium. 

Some  sulphur  occurs  in  old  fumaroles.  The  alkaline  bicarbonates 
in  the  Oandareddu  de  lu  Bagnu  and  the  Oala  Nita  transform  the 
silica  of  the  rock  into  soluble  gelatinous  silica,  and  then  deposits  it 
as  a  dirty-white  or  grey  opal.  Obsidian,  pozzolana,  pumice,  and 
some  special  minerals  also  occur  in  the  island.  'I1ie  mineral  wealth 
and  springs  of  Sicily  and  Pantellaria  are  described  in  Mr.  Jervis's 
"  Mineral  Waters  of  Southern  Italy,"  and  "  Subterranean  Treasnres 
of  Italy."  ^  T.  E.  J. 


III. — Thb  Existence  of  Numerous  Badiolaria  in  the  Jurassic 
AND  THE  Eocene  of  the  North  of  France.  By  L.  Cayeux. 
(Annales  de  la  Societe  Geologique  du  Nord,  Vol.  XIX.  1891, 
pp.  300-315.) 

§  I.  M.  Cayeux  has  found  Badiolaria  (1)  In  some  Eocene  tuffeaus 
(tufaceous  limestones)  ;  (2)  In  the  Oxfordian  "gaize"  (clay) 
with  Ammonites  Lamherii,  They  will  be  described  in  detail  by-and- 
bye.  1.  The  rocks  improperly  termed  "  tuffeaux  "  consist  of  organic 
debris  with  a  siliceous  cement.  The  organisms  are  Sponge  spicules, 
a  few  Diatomacese,  and  a  large  number  of  various  spheroidal  skeletons 
of  Badiolaria^  belonging  to  Hackel's  Monospharidae  and  Dispharida. 
A.  The  Landenian  Tuffeau  at  Bouchevesnes  has  about  a  sixth  of  its 
bulk  made  up  of  Badiolaria ;  at  Malincourt  Tournay,  Lille,  Angre, 
and  Badinghem  they  are  rare.  B,  The  Ypresian  Tufifeau  of  Mont- 
des-Cats. 

These  discoveries  in  the  Lower  Eocene  are  important  in  as  maoh 
as  the  Badiolaria  described  by  Shrubsole  from  the  London  Clay  are 
the  only  other  Eocene  forms  known,  if  those  described  from  the 
jasper  of  Tuscany  be  really  Jurassic  as  regarded  by  Riist  and  Hackel. 

2.  Badiolaria  have  been  found  in  the  Oxfordian  Clay  at  Launois, 
LRlobbe,  and  La  Nenville  (Ardennes).  Microscopic  sections  of  small 
hard  morsels  of  this  **  gaize  "  show  a  somewhat  similar  structure  to 

»  Geological  Mao.  1889,  pp.  176-177. 
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that  of  the  ''  taffaanz " ;  but  quartz  and  other  minerals  are  less 
abandant.  Sponge  spiculeB  rarer,  and  Diatoma  are  absent,  whilst 
Badidaria  make  ap  a  third  or  even  a  half.  The  minute  sphsBroidal 
objeota  are  leas  globular  and  smaller ;  but,  when  isolated,  prove  to 
beBadfolarui  of  Baokel's  Spharida  group,  a  large  number  belonging 
to  the  IH$pkarid€t,  M.  C^yeux  has  not  found  Badiolaria  in  the 
Cretaoeooa  "gaizes."  Dr.  Riist  has  disoovered  quantities  in  the 
Jnrassio  jaspers,  flints,  oherts,  eto.,  of  Hanover,  Bavaria,  the  Tyrol, 
etc  The  Oxford  ian  clays  above  mentioned  are  to  be  regarded  as 
ranking  with  Haokel's  "  mixed  Radiolarian  rooks " ;  not  being  so 
rich  as  "  the  pure  Badiolarian  rocks "  of  Nikobar  (Oligocene), 
Barbadoes  (Miocene),  and  the  Jura  (Jurassic) ;  and  therefore 
deposited  at  a  less  depth  than  2000  fathoms,  to  which  condition 
the  indnded  quartz  sand  also  has  reference. 

§  11.  The  probable  origin  of  the  silica  in  the  Gaize  and  the  Tuffeaux. 
M.  Gayenx,  previously  treating  of  the  microscopic  fossils  of  the 
tuffeau  and  gaize,  and  of  the  Meule  (Millstone)  of  Bracquegnies, 
showed  that  there  are  Sponges  in  each  of  these,  that  there  are 
Sponges  and  Radiolarians  in  the  ''gaize,"  and,  besides  these,  numerous 
Diatoms  in  the  "  tuffeau."  These  organisms  naturally  secreted  silica 
from  the  sea- water,  and  left  it  when  they  died.  The  origin  of  the 
flint  of  the  Chalk  is  here  referred  to  this  kind  of  intervention  on 
the  part  of  Sponges,  and  the  silica  of  the  tuffeaux  and  gaizes  to 
the  above-mentioned  siliceous  organisms.  In  these  opinions  the 
aathor  finds  support  in  conclusions  arrived  at  by  Dr.  Hinde  and 
Messrs.  Jukes-Browne  and  Hill.  T.  B.  J. 


I. ^NOTE    ON    THB   DiSCOVBBT  OP  ClYMENIA   IN   NOBTH   AmRRIOA, 

THE  recent  discovery  of  Clymenia  in  the  Upper  Devonian  (In- 
iumescena-zone)  of  Western  New  York  by  Mr.  John  M.  Clarke 
is  as  unexpected  as  it  is  interesting.*  The  Clymenia  was  found  in 
a  calcareous  concretion  in  Shurtleff's  Gully,  Livingston  County,  New 
York,"  not  far  up  in  the  shales  of  the  Naples  Beds,"  and  was  accom- 
panied by  specimens  of  Gephyroceras,  Tomoceraa,^  Bactrites,  sp.  no  v. 
(near  to  B.  earinatuSj  MUnst),  Loxonema  Noe,  Clarke,  Palaotrochus 
pracursoTy  Clarke,  Flatystoma  minutissimum,  Clarke,  etc.  Tlie  speci- 
roens  comprised  ''about  thirty  examples  of  a  single  species  \^CIym€nia 
(Cyrioclymenia)  Neapolitana,  sp.  nov.]  in  an  exceptionally  fine  con- 
dition of  preservation,  affording  the  various  stages  of  growth  from 
the  protoconch  to  maturity."  The  species  is  remarkably  small,  the 
largest  mature  individual  collected  having  a  diameter  of  only  I'k 
tnillimetres.  The  umbilicus  is  wide,  exposing  all  the  volutions, 
the  number  of  which  is  5^  or  6.     The  whorls  are  flattened  on  the 

*  See  Amer.  Joum.  Sci.  Jan.  1892,  vol.  xliii.  p.  67. 

'It  may  be  well  to  explain  that  the  names  Oephyroceras  and  Tontoreras  apply  to 
genera  of  Goniatites,  erected  by  Hyatt  out  of  the  old  genus  Goniatites. 
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sides  and  peripheryi  widening  towards  the  dorsal  or  inner  side.  It 
results  from  this  that  the  section  of  the  body-chamber  is  sub- 
trai>ezoida1.  The  protoconch  (Figs,  a,  b,  c)  or  initial-chamber, 
which  Mr.  Clarke  had  the  good  fortune  to  develop,  is  "broad« 
transversely  ellipsoidal,  and  has  a  diameter  of  0*9  millimetres." 
The  flattening  of  the  periphery  just  described,  is  not  apparent 
until  the  5th  and  6th  whorls  are  attained.  In  these  the  body- 
chamber  is  covered  with  ''fine  elevated,  falciform  striaa,"  which 
bend  sharply  forward  on  either  side  of  the  periphery,  upon  which 
they  form  a  back  ward  ly  directed  curve.  The  ornamentation  of 
the  early  whorls  is  very  characteristic,  and  consists  of  a  series  of 
'*  lamellar,  spinous  processes "  on  the  margins  of  the  periphery. 
The  dorsal  (internal)  position  of  the  siphunde  was  observed  in 
several  instances. 


Clymenia  Xeapolitana,  Clarke. 

a — e.  Three  Tiews  of  the  initial-chamber  (protoconch) ;  rf,  the  form  of  the 
suture  at  2  j  revolutions  ;  e,  the  mature  suture.     (After  J.  M.  Clarke.) 

The  form  of  the  suture-line  will  be  understood  by  referring  to 
the  figures  (d,  e).  The  author  compares  his  species  with  Clymenia 
spinosa,  C.  hinodosa,  and  C.  suharmntay  all  of  Miinster.  From  the 
last-named  species  it  differs  essentially  in  the  mature  suture.  Its 
resemblance  to  C  spinosa  is  shown  in  its  having  similar  spinous 
processes  on  the  sides  of  the  whorls  in  the  young  shell,  while  in  its 
suture-line  and  flattened  periphery  it  is  allied  to  C,  hinodo»a. 

The  restriction  of  Clymema  to  the  Upper  Devonian  of  Europe  is, 
so  far  as  the  present  discovery  shows,  maintained  in  America,  though 
it  occurs  at  a  comparatively  lower  horizon  in  that  formation  in  the 
New  World  than  it  does  in  the  Old.  "It  may  be  provisionally 
suggested,'*  observes  Mr.  Clarke,  "  that  the  fauna  of  the  Naples  beds 
embraces  representatives  of  the  whole  series  of  the  European  Upper 
Devonian  faunas  from  the  base  of  the  Goniatite  limestone  to  the  base 
of  the  Culm ;  that  it  is,  therefore,  a  condensed  time-equivalent  of 
a  series  highly  differentiated  in  the  transatlantic  Upper  Devonian 


succession." 


By  this  important  discovery  Mr.  Clarke  has  added  to  his  reputa- 
tion as  a  palaeontological  investigator,  and  geologists  no  less  than 
pftlaH)ntologi8t8  will  rejoice  that  the  invertebrate  fossils  of  America 
now,  as  in  past  time,  find  such  able  and  enthusiastic  exponents. 

A.BLF. 


Reviews — The  Qeological  Survey  of  Canada, 

II.— GlOLOOIOAL     AND     NATURAL     HiSTORT      SURVBT     OF     OaN. 

Annual  Report  (New  Series) :  Vol.  IV.  1888-89.     (Montr 
William  Foeter  Brown,  A  Co.,  1890.) 

rIS  Toluminous  work  consists  of  ten  reports,  each  of  wbic 
separately  paginated,  and  distinguished  by  a  letter  of 
alphabet.  Some  conception  may  be  formed  of  the  wide  exten 
country  covered  by  the  Survey  when  we  read  that  in  April  1 
sixteen  parties  were  organised  for  field  exploration,  and  were 
tribnted  as  follows : — British  Columbia,  3  ;  North  West  Territorj 
Manitoba,  1 ;  Ontario,  2 ;  Quebec,  4 ;  New  Brunswick,  2 ;  iS 
Scotia,  2.  Tlie  Summary  Keport«  by  the  Director  (Dr.  A.  R 
Selwyn,  C.M.G.,  F.R.S.)  head  the  list.  These  contain  brief  aocoi 
of  the  Surveys  undertaken  during  the  season  of  1888-89,  ^ 
statistics  relating  to  the  Museum  at  Ottawa  (the  head -quarters), 
details  of  the  various  additions  made  to  the  collections,  in  the  si: 
of  fossils,  recent  mammals,  birds,  reptiles,  insects,  shells,  and  pla 
The  first  report  is  by  Dr.  George  M.  Dawson,  and  refers  to  a  por 
of  the  West  Kootanie  district  of  British  Columbia.  This  survey 
undertaken  with  **  the  special  purpose  of  ascertaining  the  chara 
and  mode  of  occurrence  and  association  of  the  ore-deposits,  anc 
estimating  their  prospective  importance."  The  district  is  descri 
as  nigged  and  mountainous,  and  as  comprising  the  southern  porti 
of  the  Selkirk  and  Columbia  or  Gold  Ranges  of  Mountains. 
pHyHical  features  are  described  in  detail,  as  to  its  rivers  (Koott 
f'Dd  Columbia),  lakes  (Upper  and  Lower  Arrow,  and  Kootan 
climate,  vegetation,  and,  finally,  its  genenil  geological  features.  ' 
gw>logical  structure  is  extremely  complicated,  and  the  informal 
obtained  during  the  survey  (which  only  occupied  one  month] 
insufficient  for  a  systematic  description  of  the  rocks  occurring  ir 
Nevertheless  some  clues  were  obtained  regarding  the  origin  { 
liabitns  of  the  ore-deposits— chiefly  silver-bearing. 

"Speaking  generally  of  the  district,"  writes  Dr.  Dawson,  "In 
ftiy  that  the  result  of  my  examination  has  been  to  convince 
that  the  importance  of  the  mineral  discoveries  made  has  not  b 
«a^ge rated,  while  their  number  and  the  area  over  which  they 
distributed  is  Kuch  as  to  guarantee  a  large  and  continuous  outpu 
gfKKl  ore,  so  soon  as  adequate  means  are  provided  for  the  trans( 
of  the  product  to  market." 

The  oldest  stratified  rocks  of  the  district,  as  seen  near  the  sb 

of  Kootanie  Lake,  are  provisionally  referred  to  the  Arcluean  uu 

the  name  of  the  Shush wap  Series,  and  consist  of  mica-schists  \ 

^eisses,  with  which  are  associated  liornhlende-schist*,  and  ho 

blende-gneisses,  as  well  as  coarsely  crystalline  marbles.     Overly 

these  rocks  (at  Hot  Sjirings)  is  a  great  thickness  of  grey  and  gr 

schists,   and    these  in  turn  are  followed    by  limestones  and  bl 

argillaceous    schists,  a  mass  of  granite   bounding  the  whole  a 

distance  of  two  to  three  miles  inlan<l.     *'  In  evident  relation  to  \ 

change  in  the  cmintr^'-rock  is  the  cirrumatance  that  the  ores  impr 

almost  iiniforinly  in   respect  to   contents  of  silver  in  crossing 

eeries  of  veins   in  a  westward  direction  from  the  lake,  and  ris 
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higher  ahove  the  lake  level."  It  is  believed  that  the  rocks  over- 
lying the  Shush wap  Series  are  in  all  probability  PalsBOZoic  in  age, 
and  may  eventually  be  referred  to  various  systems,  includinfi;  the 
Carboniferous,  and  extending  downward  to  the  Lower  Cambrian. 

Dr.  Dawson's  report  is  accompanied  by  a  "  reconnaissance  "  map 
(coloured  geologically)  on  a  scale  of  four  miles  to  the  inch,  and  Vk 
also  illustrated  by  two  views  of  Eootanie  Lake. 

Mr.  R.  G.  McConnell,  assistant  to  Dr.  Dawson,  gives  the  resnlti 
in  Report  D.  (pp.  1  D  to  163  D)  of  an  exploration  in  the  Yukon  and 
Mackenzie  Basins,  North  West  Territory.     The  Survey  was  carried 
out  under  Dr.  Dawson's  direction,  and  in  connection  with  the  Yukon 
Exploring  Expedition.     It  occupied  parts  of  the  seasons  of  1887- 
1888.     In   a   **  Geological   Summary "  the  occurrence  of  Archaean 
rocks  is  noted  east  of  the  Rocky  Mountains,  on  the  Slave  River,  and 
at  Fort  Rae,  while  unfossiliferous  dolomites,   limestone,  and  calo- 
schist«,  supposed  to  be  of  Cambro-Silurian,  or  later  Cambrian  age, 
were  met  with  along  the  Liard  River,  west  of  the  Rocky  Mountains. 
Upper  Devonian  rocks  containing  many  characteristic  fossils  were 
observed  on  the  Hay  and  Mackenzie  Rivers,  and  Triassic  rocks  and 
fossils  on  the  Liard  River.     Cretaceous  rocks  were  recognized  east 
of  the  foot-hills,  containing  fossils  similar  to  '*  Series  C.*'  of  the 
Queen   Charlotte   Islands ;  among   them   were   Placenticeraa  Per^- 
zianumf  CamptouecteSy  and  Inoceramua,     Tertiary  beds,  retting  ua- 
conformably  on  the  underlying  Cretaceous   shales   and   Devonian 
limestones,  were  seen  at  the  mouth  of  Bear .  River.     Remains  of 
plants,   described   or  determined   by   Sir   William   Dawson,   were 
abundant  in  some  of  the  beds.     The  age  of  these  Tertiary  beds  is 
judged,  on  stratigraphical,  as  well  as  lithological  evidence,  to  be 
Miocene,   though  Sir  William  Dawson  refers  them,  on  the  plant 
evidence,  to  the  Laramie.     A  chapter  on  "  Superficial  Deposits  and 
Glacial  Action,"  and  a  synopsis  of  the  economic  minerals  of  the 
region,  which  include  Gold,  Silver,  Copper,  Salt,  Petroleum,  etc., 
concludes  the  geological  portion  of  this  report;  the  remainder  is 
taken  up  with  a  minute  description  of  the  physical  features  of  the 
routes  followed  by  the  surveying  party.     The  report  succeeding  Mr. 
McConnell's  in  the  series  is  on  the  Exploration  of  the  Glacial  Lake 
Agassiz  in  Manitoba,  by  Mr.  Warren  Upham  (pp.  1  E.  to  156  E.) ; 
but   it  has   already   been   reviewed    in   its  separate  issue   in   this 
Magazine  (May,  1891,  p.  228).     Dr.  R.  W.  Ells  presents  a  report 
(pp.  1  K.  to  159  K.)  on  the  Mineral  Resources  of  the  Province  of 
Quebec,   in  which  he  describes  the  metals  and  their  ores  (Gx>ld, 
Silver,   Copper)  and   the  various   minerals   used   for  heating  and 
lighting  (Coal,  Peat,  Petroleum)  ;  chemical  manufactures  (Apatite, 
Chromic  Iron,  Manganese),  materials  used  in  construction  (Marbles, 
etc.),  and  the  refractory  materials,  which  include  Graphite,  Asbestos, 
and   Soapstone.     Mr.  Robert  Chalmers   reports   upon  the  Surface 
Geology  of  Southern  New  Brunswick  (pp.  1  N.  to  92  N.),  and  records 
the  results  of  careful  investigations,  in  the  cleared  and  settled  parts 
of  the  country,  in  regard  to  glacial  8tria3,  Boulder-clay,  stratified 
deposits,  alluvium,  the  agricultural  character  of  the  soil,  forest^,  eto^ 
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The  anihor  failed  to  find  any  traoes  of  a  continental  glaoier, 
thoogh  be  examined  the  glaoiation  of  the  eastern  extension  of  the 
high  pre-Gambrian  ridge  or  plateau  bordering  the  Bay  of  Fondy 
with  some  care.    On  the  contrary,  great  mastieB  of  decayed  rock 
M  uH  enoamber  the  northern  and  north-western  flanks  of  the  ridge, 
while  along  the  valleys  of  rivers  descending  from  it  northwardly 
ttris  were  found  clearly  indicating  northerly  ice  movements.     Till 
or  fionlder-day  was  found  wherever  there  were  traces  of  glacier  or 
ieeberg  action,  and  in  some  places  where  there  were  none.     Mr.  G. 
Christian  Hoffmann  (pp.  1  R.  to  68  B.)  reports  upon  the  work  carried 
on  in  the  Laboratory  of  the  Survey,  in  which  he  was  assisted  by 
Mr.  Frank  D.  Adams,^  and  Mr.  B.  A.  A.  Johnston,     A  report  upon 
the  Mining  and  Mineral  Statistics  of  Canada  for  the  year  1888  is 
wpplied  by  Mr.  H.  P.  Brumell  (pp.  1  S.  to  93  S.) ;  and  Mr.  B.  D. 
Ingall,  Mining   Engineer  to  the  Survey,   presents   his   "Annunl 
fieport"  for  1889  upon  the  same  subject  (pp.  1  S.  to  123  S.).     An 
"Annotated   List  of  the  Minerals  occurring  in  Canada"  by  Mr. 
Hoffmann  (pp.  IT.  to  67  T.),  closes  this  bulky  volume,  of  which 
the  foregoing  brief  notice  can  give  but  a  very  inadequate  idea.     We 
can  only  express  the  hope  that  the  work  of  the  Geological  Survey  of 
CSanada  is  duly  appreciated  by  those  for  whose  benefit  it  is  under- 
taken, and  that  sucdbssive  Administrations  will  maintain  it  in  the 
iigh  state  of  efficiency  it  now  enjoys.  A.  H.  F. 

ni. — Tenth  Annual  Bepobt  of  the  United  States  Geological 
Survey,  1888-89.  By  J.  W.  Powell,  Director.  Parti.— 
Geology.     1890,  pp.  774,  plates  and  maps,  xcviii. 

r£  present  Eeport,  like  those  which  have  preceded  it,  bears 
the  stamp  of  the  high  degree  of  excellence  which  the  Survey 
tias  attained  under  the  direction  of  Major  J.  W.  Powell,  with  the 
issistance  of  a  staff  which  seems  to  include  nearly  all  the  principal 
^logists  of  the  United  States.  The  field  of  investigation  comprises 
Jie  whole  of  the  country;  it  takes  in  every  formation,  from  the 
Pleistocene  to  the  Archa&an,  and  embraces  every  branch  of  the 
icience,  whether  Stratigraphical,  Petrographical  or  Pal  aeon  tological. 
To  give  a  list  only  of  the  different  branches  of  the  work,  which,  as 
ihown  in  the  Director's  Report  and  in  that  of  the  Administrative 
[chiefs,  is  being  carried  out  in  different  parts  of  the  country,  would 
more  than  occupy  our  space,  and  we  can  here  only  touch  on  some 
points  of  special  interest.  One  of  these  is  the  discovery  by  Dr.  C.  A. 
White  in  certain  counties  in  Texas  of  a  group  of  rocks,  containing 
&n  admixture  of  Palaeozoic  and  Mesozoic  types  of  fossils  belonging 
to  one  fauna,  which  show  a  conformable  passage  of  the  Coal-measures 
into  the  Mesozoic  series,  and  thus  fills  up  one  of  the  widest  breaks 
in  the  geological  succession  in  the  United  States,  viz.,  that  between 
the  Carboniferous  and  the  Jura-Trias.  Another  series  of  rocks  with 
similar  fossils  has  also  been  noticed  in  Southern  Kansas. 

*  Mr.  Adams  has  since  been  appointed  Lecturer  on  Geology  at  McGill  University, 
Motttreal. 

DZCADB    UI.— VOL.  IX. — ^NO.  IT,  \^ 
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Id  Archffian  geology,  Prof.  Pumpelly  has  studied  the  s'tnictare'of 
the  Green  Mountain  Range,  whioh  consists  of  a  series  of  closely 
appressed  and  overturned  folds  with  a  pre-Carabrian  crystalline  core, 
and  a  surface  of  rocks  apparently  representing  the  Silurian,  from 
the  Hudson  River  downwards,  and  the  whole  of  the  Cambrian,  as 
shown  in  Eastern  New  York. 

Dr.  G.  H.  Williams  has  been  at  work  on  the  crystalline  rocks  of 
the  Piedmont  Region,  in  the  Middle  Atlantic  Slope,  and  the  volcanic 
and  other  crystalline  rocks  about  Baltimore.  He  has  made  out  in 
the  volcanic  rocks  a  sequence  of  basic,  ultra-basic,  and  acidic  erup- 
tions, following  each  other  in  accordance  with  von  Richthofen's  law. 

At  the  other  end  of  the  scale,  Prof.  N.  S.  Shaler  has  been  mapping 
the  morasses  and  superficial  deposits  of  Massachusetts,  Rhode  Island, 
and  New  Hampshire,  and  he  estimates  that  nearly  one-half  of  the 
swamp  areas  in  the  United  States,  which  by  suitable  treatment 
may  be  made  fit  for  agriculture,  are  to  be  attributed  to  the  disturb- 
ance of  the  drainage  by  the  last  Glacial  Period. 

One  distinctive  feature  of  this  report  is  the  establishment  of 
a  division  of  geological  correlation,  under  the  superintendence  of 
Mr.  G.  E.  Gilbert.  The  specialists  in  each  geological  group  or 
system  have  to  prepare  essays  on  the  present  state  of  knowledge  of 
North  American  systems ;  on  the  principles  of  geological  correlation 
and  taxonomy  ;  and  on  the  possibility  or  otherwise  of  using  in  all 
countries  the  same  set  of  names  for  stratigraphical  divisions  smaller 
than  systems,  from  the  American  standpoint.  Further,  as  the  result 
of  a  conference  of  the  members  of  the  Survey,  an  independent 
system  of  nomenclature,  of  colours  and  conventional  symbols  for 
maps,  has  been  adopted. 

Of  the  papers  or  monographs  accompanying  this  report,  the 
principal  is  that  of  Mr.  C.  D.  Walcott  on  the  Fauna  of  the  Lower 
Cambrian  or  Olenellus  zone,  which  has  already  been  reviewed  in 
this  Magazine.  Another  is  that  on  the  Morasses,  etc.,  by  Mr.  N.  S. 
Shaler,  and  a  third  is  an  abstract  of  a  report  by  the  late  Prof.  R.  D. 
Irving  and  Prof.  Van  Hise  on  the  Penokee  iron-bearing  series  of 
Michigan  and  Wisconsin.  This  series  of  rocks  situated  on  the  south 
and  west  shores  of  Lake  Superior,  has  a  thickness  of  about  14,000 
feet.  It  is  placed  by  the  authors  as  a  distinct  system,  named 
the  Algonkian  (=:Huronian),  coming  between  the  Cambrian  and 
Archsean.  The  lowest  member  of  the  iron-bearing  series  in  this 
region  is  a  cherty  limestone  in  which  bands  of  white  chert  or  quartz 
are  interlaminateil  with  the  limestone.  The  cherty  material  in  some 
places  is  45  feet  in  thickness,  and  the  silica  varies  from  amorphous 
to  crystalline.  One  peculiar  feature  in  this  chert  is  the  tendency  to 
assume  a  brecciated  form,  in  which  angular  fragments  up  to  2  or  3 
inches  across  are  imbedded  in  chert  of  a  precisely  similar  character. 
Sometimes  the  brecciated  portions  are  wholly  included  in  the  cherty 
zone.  Though  no  organic  remains  have  been  met  with,  either  in  the 
limestone  or  the  chert,  the  authors  consider  that  both  kinds  of  rock 
are  probably  of  organic  origin,  and  they  compare  the  chert  with  the 
beds  of  the  same  material  which  in  this  and  other  countries  have 
lately  been  proved  io  be  derived  itom  Qt^Bai\&m!&« 
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Above  the  limestone  and  chert  series  is  a  set  of  rocks  known  as 
qnartz  slates  of  a  distinctly  fragmental  texture.  The  iron-bearing 
member  is  next  above  and  consists  of  slaty  and  often  cherty  iron 
carbonate,  ferruginous  slates  and  cherts,  and  aotinolitio  and  mag- 
netitic  slates.  The  iron-carbonate  is  sometimes  mingled  with  cherty 
silica,  sometimes  the  two  materials  are  in  solid  bands,  alternating 
with  each  other.  In  some  of  the  carbonates  of  the  Penokee  series 
there  still  remains  a  large  percentage  of  organic  matter.  The 
authors  further  show  that  the  deposits  of  iron-ore  now  largely  worked 
are  in  part  due  to  a  concentration  of  the  carbonate  of  iron  which 
had  been  widely  distributed  in  the  higher  strata.  They  consider 
that  the  chert  was  simultaneously  deposited  with  the  iron-carbonate, 
and  that  there  has  probably  been  an  extensive  re-ari*angement  of  the 
ailica  originally  present 

IV. — BULLKTIN   OP  THB  UnITKD   StATBS   GEOLOGICAL   SURVKY.      NoS. 

62,  66,  67  to  81.     8vo.     Washington,  1890-91. 

THE  latest  numbers  of  this  publication  which  have  reached  us 
show  that  the  United  States  Survey,  under  the  able  direction 
of  the  Hon.  J.  W.  Powell,  still  maintains  its  high  standard  of 
excellence,  and  is  as  much  a  pattern  to  our  authorities  as  ever, 
save  in  the  delay  that  takes  place  in  their  issue.  The  wide  extent 
of  ground  covered  by  these  mostly  bulky  numbers  is  certainly 
remarkable.  Nothing  comes  amiss,  provided  it  bears  in  any  way  on 
the  work  of  the  Survey.  Thus  we  have  a  report  on  the  astronomical 
work  of  1889  and  1890  (No.  70).  Two  numbers  (72  and  76)  are 
lists  of  altitudes ;  the  latter  being  a  second  edition  of  the  "Dictionary 
of  AltitUiles  in  the  United  States,"  and  not  a  bad  gazetteer  at  a 
pinch.  The  "Viscosity  of  Solids"  (73),  and  the  "Report  of  work 
done  in  the  division  of  Chemistry  and  Physics"  (78),  together  with 
*•  Earthquakes  in  California  in  1889,  by  J.  E.  Keeler"  (68),  which  is 
a  continuation  of  the  lists  given  by  Prof.  E.  S.  Holden  up  to  1888 
in  a  previous  number,  bring  the  list  of  Bulletins  that  are  not  strictly 
geological  to  an  end. 

Turning  next  to  the  stratigraphical  memoirs  we  light  first  on 
G.  H.  Williams  (62),  "The  greenstone  schist  areas  of  the  Menominee 
and  Marquette  Regions  of  Michigan,"  which  is  "a  contributi(m  to 
the  subject  of  Dynamic  Metamorphism  in  Eruptive  Rocks ; "  the 
greenstones,  and  certain  intimately  associated  acid  rocks,  are  alone 
dealt  with,  no  attention  being  paid  to  the  quartzite,  dolomites,  or 
shales  of  the  younger  Huronian.  The  conclusion  arrived  at  is  that  the 
greenstones  of  these  areas  are  eruptive  rocks,  the  foliated  character 
of  which  is  a  secondary  feature. 

"The  relations  of  the  Traps  of  the  Newark  System  in  the  New 
Jersey  region "  form  the  subject  of  No.  67.  Mr.  N.  H.  Darton 
shows  that  in  their  genetic  relations  these  traps  belong  to  two 
classes ;  first  the  extrusive  sheets  contemporaneous  with  the  in- 
closing strata,  and  typified  by  the  great  lava  flows  constituting  the 
Watcliung  Mountains;  and,  second,  intrusive  sheets  and  dikes  of 
subsequent  age,  of  which  the  celebrated  Palisade  trap  on  the  shore 
of  the  Hudson  Kiver  is  an  example. 
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Mr.  J.  S.  Diller  describes  ".A  late  Volcanic  eroption  in  Northern 
California"  (79).  The  cinder  cone,  10  m.  N.E.  of  Lassen  Peak, 
marks  the  scene  of  one  of  the  very  latest  volcanic  eruptions  in  the 
United  States,  and  is  composed  wholly  of  ejecta  inclosing  a  perfect 
crater  240  feet  deep.  Two  epochs  of  eruption  are  noted  as  haviug 
taken  place,  the  first  about  100  years  before  the  American  revolution, 
the  second  at  a  much  later  date,  but  more  than  50  years  ago.  The 
lava,  which  is  a  basalt,  is  especially  noteworthy  on  account  of  the 
phenocrystic  quartz  which  it  contains. 

The  '*  Stratigraphy  of  the  Bituminous  Coal-field  of  Pennsylvania, 
Ohio,  and  West  Virginia"  (65).  is  dealt  with  by  Mr.  J.  C.  White  in 
a  very  exhaustive  manner,  and  illustrated  by  no  less  than  152  wood- 
cuts of  sections  in  212  pp.  of  text  ^*  Correlation  Papers  "  form  the 
subject  of  two  Nos.  (80  and  81),  "Devonian  and  Carboniferous  by 
H.  S.  Williams,"  and  "  Cambrian  by  C.  D.  Walcott."  Both  these 
are  bulky  papers,  and  as  they  summarize  the  results  obtained  by  all 
previous  observers,  their  extreme  value  to  all  students  of  Palseozoio 
geology  cannot  be  overrated. 

In  Bulletin  No.  77  is  presented  a  summary  of  the  evidence  that 
may  be  accepted  as  indicating  the  Permian  age  of  a  certain  series 
of  strata  in  Western  Texas,  which  have  been  referred  sometimes  to 
the  Trias  and  sometimes  to  the  Permian.  The  discovery  in  these 
beds  is  moreover  recorded  of  certain  types  of  invertebrate  fossils 
which  are  usually  regarded  as  indicative  of  Mesozoic  age,  com- 
mingled with  a  considerable  number  of  Carboniferous  types, 
including  well-known  Coal-measure  species. 

Two  important  compilations  relating  to  fossil  Insects  come  from 
the  pen  of  Mr.  H.  S.  Scudder : — No.  69  "  A  classed  and  annotated 
Bibliography  of  fossil  Insects"  pp.  101,  and  No.  71  "Index  to  the 
known  fossil  Insects  of  the  world,  including  Myriapods  and 
Arachnids,"  pp.  744.  What,  we  wonder,  would  the  authorities  of 
H.  M.  Stationery  OfiSce  say  were  our  Survey  to  suggest  the  publica- 
tion of  a  series  of  useful  bibliographies  such  as  these  ?  The  first 
is  an  extension  to  date  of  the  one  published  in  1882  by  the  Harvard 
University  as  No.  13  of  their  "  Bibliographical  Contributions,"  when 
it  only  covered  half  the  number  of  pages  it  now  takes  up.  Some 
of  the  increased  space  is  of  course  due  to  the  repetition  of  titles 
entailed  by  the  adoption  of  the  classified  form  in  the  later  edition ; 
but  still  more  to  the  careful  manner  in  which  references  beeuing  in 
any  way  on  the  subject  have  been  looked  up  and  included. 

The  "  Bibliography  "  is  supplemented  by  the  "  Index,"  which  is 
a  work  no  palaeontologist,  even  if  it  be  not  his  special  subject,  can  well 
afford  to  be  without ;  and  is  exactly  what  its  title  describes.  The 
only  improvement  which  suggests  itself  is  that  it  would  have  been 
well  to  add  when  possible  where  the  type  specimen  is  now  to  be  seen. 

"The  Minerals  of  North  Carolina  by  F.  A.  Genth  "  (74)  is  essentially 
a  new  edition  of  the  report  published  by  the  Geological  Survey  ojf 
North  Carolina  in  1881.  In  the  present  memoir  many  new  analyses 
will  be  found ;  whilst  the  "  Synopsis  of  Minerals  and  Mineral 
Localities,  l»y  Counties,"  with  which  the  work  terminates,  will  be  of 
e^^ecial  value  to  the  field  geologist  and  the  collector  of  mineralB. 
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In  Bolletin  No.  75  Mr.  N.  H.  Darton  gives  a  "  Record  of  North 
American  Geology  from  1887  to  1889  inclusive."    He  has  previously 

fublished  one  for  1886,  which  appeared  in  the  same  series  in  1887. 
or  terseness  and  the  clear  way  in  which  the  contents  are  set  out, 
10  that  the  eye  of  the  searcher  is  not  wearied  in  its  endeavours  to 
find  the  particnlar  paper  wanted,  we  recommend  this  production  to 
the  attention  of  any  who  may  be  disposed  to  attempt  the  revival  of 
the  ill-starred  and  more  ambitious  '*  British "  prototype  now  years 
behind  time. 

V. — ^Thb  South  Italian  Voloamoes.     F.  Furoheim.    Naples. 

THIS  work  is  one  of  the  results  of  the  excursion  of  the  Geologists' 
Association  to  Southern  Italy  in  1889.  The  account  of  the 
excnrsion  is  written  by  Dr.  Johnston-Lavis,  who  acted  as  principal 
director.  On  September  18th  the  party  embarked  at  Messina,  on 
a  small  steamer  which  had  been  chartered  for  a  week's  cruise 
amongst  the  Lipari  Islands.  In  the  portion  of  the  report  dealing 
with  this  part  of  the  excursion  much  interesting  geological  informa- 
tion is  given,  and  the  exact  state  of  the  active  vents  of  Vulcano  and 
Stromboli  is  described.  On  returning  to  Sicily  the  party  proceeded 
to  examine  the  phenomena  of  Etna,  under  the  able  guidance  of  Prof. 
0.  Silvestri,  of  Catania.  The  celebrated  Val  di  Bove  was  visited 
from  Acireale,  and  the  central  crater  from  Catania. 

On  October  1st  the  party  assembled  at  Naples,  and  the  second 
part  of  the  excursion  was  commenced.  A  fortnight  was  most 
profitably  spent  in  this  classic  region,  and  the  usual  objects  of 
interest  were  visited.  The  great  extinct  crater  of  Roccamonfina  was 
examined  on  the  way  to  Rome,  where  the  excursion  was  brought  to 
a  successful  termination  on  Oct  28th.  Visitors  desirous  of  studying 
the  volcanic  phenomena  of  Southern  Italy  will  find,  in  this  report, 
valuable  information  as  to  the  best  way  of  employing  their  time. 

The  account  of  the  excursion  forms  only  a  small  portion  of  the 
volume.  Of  the  335  pages,  239  are  devoted  to  an  exhaustive 
bibliography  of  the  district,  which  has  been  compiled  by  Madame 
and  Dr.  Lavis.  There  are  also  papers  on  special  subjects  by 
Messrs.  Platania,  Lavis,  Sambon,  and  Zesi.  Sixteen  plates  complete 
the  volume.  Fifteen  of  these  are  excellent  reproductions  of  photo- 
graphs, and  three  which  illustrate  successive  stages  of  an  explosion 
in  the  crater  of  Vulcano  are  extremely  interesting.  They  convey 
a  vivid  impression  of  the  actual  nature  of  the  phenomenon. 

The  Geologists'  Association  and  Dr.  Lavis  are  to  be  congratulated 
on  having  so  successfully  carried  out  a  somewhat  ambitious  pro- 
gramme. They  were  received  with  great  cordiality  by  many  Italian 
geologists,  and  on  several  occasions  experienced  great  kindness  and 
hospitality  at  the  hands  of  local  authorities. 

Now  that  the  slight  inconveniences  necessarily  attendant  on  such 
an  excursion  are  forgotten,  the  members  who  took  part  in  it  must 
look  back  with  unalloyed  pleasure  to  the  time  so  profitably  si>ent  in 
a  district  full  of  interest,  both  from  a  geological  and  from  a  historical 
point  of  view. 
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I. — Annual  Gknrbal  Meeting. — February  19th,  1892.  —  Sir 
Archibald  Geikie,  D.Sc,  LL.D.,  F.R.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1891.  In  the  former  the 
Council  again  congratulated  the  Fellows  on  the  continued  prosperity 
of  the  Society,  and  the  perfectly  satisfactory  condition  of  its  finances. 

The  number  of  Fellows  elected  during  the  year  was  63 ;  of  these 
43  qualified  before  the  end  of  1891,  together  with  19  previously 
elected  Fellows,  thus  making  a  total  accession  of  62  Fellows  during 
the  year  1891.  As,  however,  from  this  number  a  deduction  of  50 
must  be  made  for  losses  by  death,  resignation,  and  removal,  and  for 
new  Fellows  compounding,  the  actual  increase  in  the  number  of 
Contributing  Fellows  amounts  to  12.  The  total  number  of  Fellows, 
Foreign  Members,  and  Foreign  Correspondents  at  the  close  of  1891 
was  1418. 

The  Balance-sheet  for  the  year  1891  showed  receipts  to  the  amount 
of  £2845  9«.  8d.,  and  an  expenditure  of  £2476  5«.  Id,  Moreover, 
the  sum  of  £516  2s.  Sd,  was  expended  in  the  purcheise  of  stock, 
and  the  balance  in  favour  of  the  Society  at  December  31  st,  1891, 
amounted  to  £286  198.  4d. 

The  Council's  Report  also  referred  to  the  severe  losses  sustained 
by  the  Society  during  the  year  in  the  deaths  of  several  distinguished 
Fellows,  to  the  death  of  the  late  House-Steward,  to  the  editing  of 
No.  185  of  the  Quarterly  Journal  by  Prof.  T.  Rupert  Jones,  and  in 
conclusion  announced  the  awards  of  the  various  Medals  and  proceeds 
of  Donation-Funds  in  the  gift  of  the  Society. 

The  Report  of  the  Library  and  Museum  Committee  enumerated 
the  additions  made  during  the  past  year  to  the  Society's  Library, 
announced  the  completion  of  about  40  previously  imperfect  sets  of 
serials,  and  referred  to  the  registration  of  type  specimens  in  the 
Museum,  a  task  which  has  been  confided  to  a  specialist,  Mr.  C. 
Davies  Sherbom. 

In  handing  the  Wollaston  Medal,  awarded  to  Baron  Ferdinand 
von  Richthofen,  to  Mr.  W.  Topley,  F.R.S.,  for  transmission  to  the 
recipient,  the  President  addressed  him  as  foUows : — 

Mr.  Topley,— To  Baron  Ferdinand  von  Richthofen  the  Council  of  the  Geological 
Society  has  awarded  this  year  the  WoUaston  Medal  in  recognition  of  the  great  merit 
of  the  researches  carried  on  hy  him  over  a  large  part  of  the  Old  World  and  of  the 
New.  From  the  outset  of  his  career  he  has  heen  distinguished  hy  a  rare  combinatioii 
of  the  power  of  minute  patient  observation,  with  the  faculty  of  broad,  and  ofien 
brilliant,  generalization.  It  is  this  union  of  mental  gifts  which  has  placed  him  high 
among  the  leaders  of  science  of  his  time,  and  which  gives  such  a  charm  and  value  to 
his  writings. 

Beginning  his  early  investigations  among  the  eruptive  rocks  of  his  native  country, 
he  was  gradually  lea  to  undertake  a  detailed  investigation  of  the  geology  of  that 
interesting  region  in  the  South  Tyrol  around  Predazzo  and  St.  Caasian.  The 
elaborate  monograph  of  this  tract,  which  he  published  in  1860,  was  a  remarkable 
achievement  for  ao  young  a  man,  and  gave  ample  promise  of  his  future  distinction. 
Soon  After  its  pablication  he  had  the  good  fortune  to  be  atti^^bed  to  a  naval 
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n  sent  out  to  the  East  by  the  Prussian  Government  to  arrange  commercial 
rith  China,  Japan,  and  Siam.  He  was  tbos  afforded  opportunities  of  turning 
Dt  his  power  of  rapid  obserration,  of  enlarging  his  geological  experience, 
editatin?  upon  those  problems  to  the  solution  of  which  he  might  devote  his 
e  are  all  familiar  with  the  biilliant  series  of  papers  and  works  which  has 
from  the  labours  of  the  twelve  years  spent  by  him  abroad. 
1^  the  Pacific  he  came  in  contact  with  Professor  J.  D.  Whitney,  who  was 
lucting  the  Geological  Survey  of  California.  The  young  and  eager  German 
3ed  to  settle  for  a  time  on  the  Pacific  border  of  the  American  Continent, 

devoted  himself  to  the  study  of  the  marvellous  volcanic  phenomena  of  that 
Among  the  contributions  made  by  him  to  the  geology  of  the  United  States, 
'kable  generalizations  as  to  the  order  of  succession  ot  the  volcanic  rocks,  and 
«  of  *  maaaive  eruptions '  have  attracted  special  attention. 
he  had  Aoen  of  China  had  convinced  him  that  an  investigation  of  its  geology 
ove  of  the  ut-most  interest  and  value.  Accordingly,  in  the  summer  of  1868, 
tf  turning  homewards,  he  returned  to  that  country,  and  spent  somewhere 
ree  years  in  a  series  of  journeys  through  the  vast' Celestial  Empire.  The 
rolnmes  and  splendid  atlas  which  contain  his  account  of  China  form  one  of 
t  important  contributions  ever  made  to  geological  literature.  In  every 
Jiere  is  some  luminous  remark  or  suirgestive  inference  that  lights  up  the 
le  array  of  facts  with  which  the  pages  are  crowded.  The  description  of 
leae  Loess  and  the  manner  in  which  the  author  works  out  his  explanation 
luzzling  formation  are  a  model  of  geological  description, 
^logist,  a  scientific  traveller,  an  exponent  of  facts,  and  a  generalizer  from 
;beir  connecting  cause,  Baron  von  Kichthofen  stands  in  the  forefront  of 
ice  of  our  day,  and  in  awarding  him  the  Wollaston  Medal  this  Society  does 
much  honour  as  it  seeks  to  confer  on  him.  When  you,  Mr.  Topley,  transmit 
al  to  him  and  express  to  him  our  appreciation  of  his  labours,  will  you  also 
» him  our  personal  regard  and  our  hope  that  he  may  long  be  able  to  continue 
.  which  has  rendered  his  name  so  illustrious. 

ToPLEY,  in  reply,  said: — Mr.  President, — I  am  desired  by  Baron  von 
en  to  express  his  extreme  regret  that  important  duties  detain  lum  in  Berlin, 
er  it  impossible  for  hira  to  be  present  here  to  day. 

quests  me  to  offer  to  this  Society  his  warmest  thanks  for  the  honour  now 
I  upon  him,  and  for  placing  his  name  in  the  list  of  distinguished  geologists 

this  Medal  has  been  awarded. 

jtter  which  1  have  just  received  Baron  von  Richthofen  says: — "  If  I  were 
iy  present  1  would  not  fail  to  remark  that  I  am  deeply  impressed  by  the 
sness  how  unfavourably  the  humble  work  I  have  been  able  to  accomplish 
I  with  the  honour  now  conferred  upon  it;  and  that  it  will  be  my  endeavour 
r  myself  more  worthy  of  it  by  never  ceasing  to  work  in  the  interests  of 
il  and,  what  is  so  nearly  related  to  it,  geographical  science,  my  line  of 
being  indeed  chiefly  in  that  field  where  both  these  branches  of  science  meet. 
ish  geologists  have  bad  the  largest  share  in  the  geological  exploration  of 
ntinents  than  Europe.  It  has  been  my  lot,  too,  to  do  a  chief  part  of  my 
oad.    This  common  interest  has,  among  others,  contributed  to  connect  me  with 

my  fellow -workers  in  science  in  your  country.     It  is  a  sincere  gratification 
)  have  this  tie  strengthened  by  being  put  under  the  obligation  of  gratitude 

this  illustrious   Society  in  which   the   names  of    British  geologists  are 
1." 

eeling  of  gratification  with  which  Baron  von  Kichthofen  will  receive  this 
rill,  I  am  sure,  be  shared  by  the  geologists  in  Germany  and  Austria.  No 
ild  in  higher  honour  by  them,  both  for  personal  worth  and  scientific  attain- 
han  Baron  von  Kichthofen,  and  to  no  one  would  they  more  gladly  see 
al  awarded. 

President  then  presented  the  Murchison  Medal  to  Prof.  A. 
en,  M.A.,  F.R.S.,  addressing  him  as  follows: — 
sor  Green, — In  awarding  to  you  the  Murchison  Medal,  the  Council  desires 
its  sense  of  the  importance  of  the  contributions  which  you  have  made  to 
rledge  of  English  geology,  more  particularly  in  the  Coalfield  of  Yorkshire, 
ch  your  name  will  ever  be  honourably  associated.  It  might  not  be  appro- 
are   I  to  allow  myself  to  dwell  on  the  special  value  of  your  geological 
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labours.  I  will  only  say  that  they  long  ago  placed  you  among  the  ablest  field- 
gpeologists  of  this  country.  But  besides  the  work  done  by  you  in  the  field,  and 
expressed  on  maps  and  sections,  we  owe  a  further  debt  to  you  for  the  clear,  terse, 
and  interesting  aescriptiions  which  you  have  given  of  your  researches.  It  is  always 
pleasant  as  well  as  instructive  to  rcuid  one  of  your  writings,  and  this  eminent  faculty 
of  exposition  you  have  turned  to  valuable  account  in  your  admirable  **  Manual  of 
Geology.''  There  is  to  myself  a  peculiar  pleasure  in  being  the  channel  through 
which  this  Award  of  the  Council  comes  to  you,  for  I  can  look  on  an  unbroken 
friendship  with  you  extending  over  some  thirty  years.  In  handing  to  you  the  Medal 
founded  oy  Murchison,  I  am  reminded  of  your  early  intercourse  in  the  Geological 
Survey  under  that  great  leader,  when  we  discussed  together  the  Questions  to  which 
we  have  each  since  devoted  ourselves.  And  I  am  sure  I  fulfil  the  desire  of  every 
Fellow  of  this  Society  when  I  express  the  hope  that,  in  your  high  position  at  t)xforo 
and  in  the  original  research  which  you  will  doubtless  still  carry  on,  you  may  continue 
for  many  years  that  career  of  distinction  which  we  gladly  recognize  to-day. 

Prof.  Gkbbn,  in  reply,  said; — Mr.  President, — Under  any  circumstances  it  would 
be  most  gratifying  to  receive  from  the  Geological  Society  a  recognition  of  my 
attempts  to  enlarge  the  boundaries  of  our  favourite  science.  But  I  hold  myseu 
specially  fortunate  on  this  occasion  on  two  grounds.  A  Medal  that  bears  the  name 
of  the  great  chief  under  whom  we  both  served  is  specially  welcome  ;  and  a  further 
charm  is  added  when  I  feel  that  I  am  receiving  this  award  from  one  to  whom  I  have 
been  bound  in  close  friendship  for  a  period  of  more  than  thirty  years.  If  an3rthing 
could  strengthen  the  link  that  binds  us  t<)gether,  it  would  be  the  receipt  of  the 
Murchison  Medal  at  your  hands.  I  thank  most  cordially  the  Society  ana  yourself 
for  the  honour  you  have  done  me. 

In  presenting  the  Lyell  Medal  to  Mr.  O.  H.  Morton,  F.G.S.,  the 
President  addressed  him  as  follows  : — 

Mr.  Morton, — The  Lyell  Medal  has  been  adjudged  by  the  Council  to  yon  in 
recognition  of  your  long  and  meritorious  services  to  geology  in  the  work  which  you 
have  done  around  Liverpool.  To  you  we  are  largely  indebted  for  the  extent  of  our 
knowledge  of  the  Triassic  and  other  strata  of  that  district.  Your  full  and  accurate 
account  of  the  glacial  phenomena  of  your  neighbourhood  forms  an  espeoiaUy 
important  part  of  your  labours.  In  handing  you  this  Medal,  with  the  sincere  good 
wishes  of  the  Council  and  of  the  Society,  I  may  add  that,  had  he  been  alive,  no  one 
would  have  taken  a  keener  interest  in  your  work  or  rejoiced  more  heartily  at  its  due 
recognition  than  the  illustrious  founder  of  this  Medal,  Charles  Lyell. 

Mr.  Morton,  in  reply,  said: — Mr.  President, — I  fear  that  I  shall  fail,  by  any 
words  at  my  command,  to  adequately  express  how  much  I  appreciate  the  ^[nat 
honour  conferred  on  me  by  the  Award  of  the  Lyell  Medal.  Tnis  kind  recognition 
by  the  Council  of  any  origmal  work  that  I  may  have  done  is  most  gratifying,  for  it 
is  the  greatest  honour  that  can  be  bestowed  on  a  geologist. 

The  Medal  has  been  awarded  to  me  before  I  am  too  advanced  in  years  to  hope  to 
do  more  work,  and  it  will  stimulate  me  to  renewed  exertion.  The  pleasure  I  now 
feel  is  increased  at  receiving  the  Medal  from  your  hand.  Sir,  not  only  as  President 
of  the  Geological  Society,  but  as  the  Director- General  of  the  Geological  Survey. 
I  thank  you  for  the  complimentary  manner  in  which  you  have  referred  to  my  work 
in  the  Tnassic  and  other  strata  around  Liverpool. 

The  President  then  handed  the  Balance  of  the  prooeeds  of  the 

Wollaston  Fund,  awarded  to  Mr.  Orville  A.  Derby,  F.G.S.,  to  Mr. 

H.  Bauerman,  F.G.S.,  for  transmission  to  the  recipient,  addressing 

him  as  follows  : — 

Mr.  Bauermsn, — I  have  the  pleasure  of  handing  to  you  the  Balance  of  the  proceeds 
of  the  Wollaston  Fund  for  transmission  to  Mr.  0.  A.  Derby,  to  whom  the  Council 
has  adjudged  this  Award  in  recognition  of  the  value  of  his  various  communications 
on  the  Geology  and  Palaeontology  of  Brazil.  Some  of  these  writings  have  far  mors 
than  a  local  interest.  I  would  especially  refer  to  those  in  which  Mr.  Derby  gives 
the  results  of  his  petrographical  researches  on  the  nepheline-bearing  rocks,  on  the 
distribution  of  the  sources  of  the  rarer  minerals,  and  on  the  ore-deposits  of  the 
Jacapiranga  district.  In  transmitting  this  Award  to  him,  will  you  convey  the 
best  wishes  of  the  Council  and  the  Society  for  his  continued  success  in  sdentifio 
investigation. 
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Mr.  Bauvbhjix,  in  replj,  nid : — Mr.  Preddent,— I  hare  been  teked,  lij  fole^^m 
from  Mr.  Derby,  to  reprewni  him,  as  the  interral  linoe  the  Award  wai  announced 
hii  not  boon  aufflcient  to  allow  of  an  acknowledgment  by  letter.  I  thank  you  heartily 
for  the  reoognition  of  the  excellent  work  done  by  Mr.  Derby  in  a  eountry  whoeo 
geological  stmcture  ii  almoet  unknown,  and  1  consider  that  in  addition  to  the  hooonr 
conferred  on  the  recipient,  the  Award  is  of  value  as  likely  to  encourage  the  local 
goTemment  in  carrying  on  the  systematic  inrestigation  of  the  province  in  the  manner 
that  they  haTe  ao  wortnily  begun. 

In   presenting  the  Balance  of  the  proceeds  of  the  Murchison 

Geologioal  Fund  to  Mr.  Beeby  Thompson,  F.O.S.,  the  President 

Mldressed  him  as  follows : — 

Mr.  Beeby  Thompson,— The  Balance  of  the  proceeds  of  the  Murchison  Fund  has 
been  adjudged  by  the  Council  to  you  as  a  mark  of  its  high  appreciation  of  the 
insight,  endurance,  and  enthusiasm  with  which  you  have  prosecuted  yuur  laborioui 
investigation  of  the  Upper  and  Middle  Lias  of  Northamotonshire.  Your  minute 
tracing  of  the  successive  zones  of  these  formations  admiraoly  shows  how  the  Maps 
of  the  Geological  Survey  may  be  made  to  serve  as  the  basb  for  more  detailed  and 
exhaustive  woik,  such  as  can  only  be  undertaken  by  a  permanent  resident  in  a 
district  We  hope  that  this  Award  may  encourage  you  to  persevere  by  showing  how 
cordially  you  possess  the  sympathies  of  this  Society. 

Mr.  Bkbbt  THoiiraoK,  in  reply,  said : — Mr.  President,— I  feel  greatly  the  honour 
that  baa  been  conferred  upon  me  by  the  present  Award.  I  am  a  comparatively 
young  geolo^At,  and  commenced  the  study  of  the  science  some  twelve  years  agp  in 
connexion  with  the  Northamptoniihire  Xutural  llistory  Society.  My  highest  ambition 
at  first  was  to  ^ve  a  connected  resume  of  all  that  bad  been  published  on  the  local 
geology ;  but  I  soon  found  deficiencies  in  the  record,  and  these  I  ha?e  since  done  my 
o«it  to  supply.  It  is  now  one  of  the  greatest  pleasures  of  my  life  to  ^o  out  into  the 
field  and  interrogate  the  rocks ;  and  although  we  frequently  come  to  violent  blows,  I 
hone  we  shall  ever  remain  the  best  of  friends. 

I  thank  you.  Sir,  for  the  kind  and  encouraging  words  with  which  you  have 
accompanied  this  presentation. 

The  President  then  presented  one-half  of  the  Balance  of  the  pro- 

cee<ls  of  the  Lyell  Geological  Fund  to  Mr.  J.  W.  Gregory,  B.Sc, 

F.G.S.,  addressing  him  as  follows : — 

Mr.  Gregory, — One  moiety  of  the  Balance  of  the  proceeds  of  the  Ljell  Fund  has 
been  assigned' by  the  Council  to  yon  as  a  token  of  its  warm  appreciation  of  your 
researches  and  as  an  encouragement  to  you  to  continue  them.  You  have  shown 
yourself  to  be  an  accomplished  paleontolo<j:ist  and  an  able  petrographer ;  and  we 
trust  that  in  both  capacities  you  may  live  amply  to  fulfil  the  promise  which  you  have 
given  of  a  brilliant  career  in  the  future. 

Mr.  Gregory,  in  reply,  said:— Mr.  Prcflident, — The  Fund  which  the  Council 
has  so  kindly  awarded  me  helps  me  to  realize  more  than  usual  the  responsibility 
of  holding^  an  appointment  at  the  Natural  Uistory  Museum,  for  I  feel  that  it  to  the 
opportunities  afforded  by  its  collections  and  libraries,  and  by  the  generous  assistanco 
and  encouragement  of  the  more  expc'rienced  members  of  the  stuif,  that  the  little 
that  I  have  been  able  to  do  is  entirely  owing.  You,  Sir,  have  kindly  re- 
ferred to  the  fact  that  I  have  occasionally  wandered  from  the  work  of  descriptive 
paliContologT ;  I  can  only  offer  as  an  excuse  for  thus  presuming  to  intrude  into  the 
other  brancn  of  geological  work,  the  desire  occasionally  to  excnunge  the  air  of  the 
museum  for  that  of  the  field,  as  well  as  the  wish  for  the  training  acquired  in 
punuing  the  more  precise  method  of  research. 

This  Award  will  encourage  me  to  try  to  continue  in  the  path  of  its  founder  in 
regarding  fostdls  not  merely  as  the  cells  of  a  phylogenctic  tree,  but  as  the  witnes^tes 
from  whose  evidence  we  munt  learn  the  physical  conditions  and  faunistic  migrations 
of  the  successive  periods  of  the  past. 

In  presenting  the  other  half  of  the  Balance  of  the  proceeds  of  the 
liyell  Geological  Fund  to  Mr.  Edwin  A.  Wallbrd,  F.G.S.,  the 
President  addressed  him  as  follows : — 
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Mr.  Walford, — The  Council  has  awarded  you  the  other  moiety  of  the  Lyell  Fund 
in  recognition  of  the  great  merit  of  your  studies  among  the  Lias  and  Lower  Oolitei 
and  your  contributions  to  our  knowledge  of  the  Trigonia  and  Polyzoa  of  the  Jurassic 
rocks.  We  hope  that  you  will  accept  this  Award  as  an  aid  and  stimulant  to  further 
research,  and  that  we  may  have  the  pleasure  and  profit  of  continuing  to  receiye  the 
results  of  your  labours. 

Mr.  Walford,  in  reply,  said :— Mr.  President, — I  thank  you  for  this  recognition 
of  such  work  as  I  have  done.  My  stratigraphical  labours  have  consisted  principally 
in  filling  in  the  details  of  the  broad  outlines  so  well  laid  down  by  the  officers  of  the 
Geological  Survey.  In  palaeontology  my  work  among  the  Mollusca  and  Bryozoa  has 
been  done  in  the  few  intervals  of  leisure  snatched  from  a  busy  business  life.  I  wish 
that  I  had  been  able  to  accomplish  more,  for  what  1  have  done  is  but  eyidence  of 
what  I  would  wish  to  do. 

The  President  then  handed  the  proceeds  of  the  Barlow- Jameson 

Fund,  awarded  to  Prof.  C.  Mayer-Eymar  of  Zurich,  to  Dr.  W.  T. 

Blanford,  F.R.S.,  addressing  him  as  follows  : — 

Mr.  Blanford,  — In  asking  you  to  be  so  good  as  to  transmit  to  Prof.  Mayer-Eymar 
a  donation  from  the  Biirlow-Jameson  Fund,  awarded  to  him  by  the  Council,  I  hope 
that  you  will  convey  to  him  an  exprcjssion  of  the  interest  we  take  in  the  work  he  is 
now  canning  on  so  vigorously  in  Kgypt,  and  of  our  desire  to  aid  him  in  it.  His 
previous  training  in  the  paheontoiugy  of  the  Cretaceous  and  Tertiary  rocks  of 
Switzerland.  France,  and  Italy  eminently  qualified  him  for  the  task  to  which  he  ii 
now  devoting  himself,  and  iq  which  we  sincerely  wish  him  success. 

Dr.  Blanford,  in  reply,  said:— Mr.  President, — I  am  very  pleased  to  undertake 
the  duty  of  transmitting  the  Award  from  the  Barlow- Jameson  Fund  to  Professor 
Charles  Mayer-Eymar,  The  money  will  be  devoted  to  one  of  the  most  important 
objects  for  which  these  funds  were  originally  founded — the  payment  of  the  traTelling 
expenses  of  a  geologist  who  is  engaged  in  investigating  the  structure  of  a  distant 
country. 

Professor  Mayer-Eymar,  in  a  letter  from  Cairo  written  on  the  4  th  of  the  present 
month,  asks  me  to  convey  his  thanks  to  the  Society,  expresses  his  warm  acknowledg- 
ment of  the  assistance  to  his  work  that  the  present  Award  will  give,  and  promises, 
as  evidence  of  his  gratitude,  to  send  in  the  course  of  next  month,  for  the  informatioa 
of  the  Society,  an  account  of  his  three  principal  stratigraphical  discoveries  in  Egypt. 

The  President  then  said:— Before  passing  from  the  subject  of  the  Awards, 
I  should  like  to  refer  very  briefly  to  the  remarkable  and  interesting  coincidence 
that  this  Anniversary  day  of  our  iSociety  is  also  the  centenary  of  one  of  the  great 
geologists  who  founded  our  Medals  una  Funds.  Exactly  one  hundred  years  ago 
(viz.  on  February  19th,  1792)  Roderick  Impey  Murchison  was  bom.  Twenty  years 
have  passed  away  since  he  was  removed  from  our  midst ;  and  at  this  distance  of  time 
we  can  better  estimate  the  value  of  his  work  and  its  influence  on  the  progress  of  our 
science.  I  do  not  purpose,  on  the  present  occasion,  to  attempt  such  a  critical 
estimate.  I  am  sure,  however,  that  I  express  not  my  own  feeling  only,  but  that  of 
every  Fellow  of  the  Society,  when  I  say  that  though  we  have  been  able  to  correct 
some  of  his  observations,  and  discard  some  of  his  deductions,  the  solid  work  which 
he  accomplished,  more  especially  in  the  establishment  of  his  Silurian  system,  stands 
on  a  basis  which  seems  even  stronger  and  broader  now  than  when  he  laid  it  more 
than  half  a  century  ago.  His  name  has  become  a  household  word  in  Geology,  and 
w^ill  go  down  to  future  ages  as  that  of  one  of  the  great  pioneers  of  the  science. 

To  those  who  knew  him  personally  and  learnt  to  appreciate  the  frank,  generoua, 
and  sympathetic  nature  that  underlay  the  somewhat  formal  bearing  of  the  old  soldier, 
this  day  orings  many  pleasing  memories.  That  the  recollection  of  his  personal  worth 
remains  yet  fresh  without  as  well  as  within  the  pale  of  our  Society  has  been  vividly 
brought  to  my  knowledge  by  an  incident  as  unwonted  es  it  is  gratifying.  Within 
these  few  days  an  old  friend  of  Murchison,  who  desires  to  remain  unknown,  has 
come  to  me  with  the  wish  to  be  allowed  to  ofl'er  here  a  tribute  to  his  memory  at  this 
Anniversary  of  the  Geological  Society  and  centenary  of  his  birth.  As  a  mark  of 
sincere  admiration  for  the  man  as  well  as  the  gookigist,  and  with  the  view  of  helping 
to  encourage  the  cultivation  of  the  spirit  in  which  ne  laboured,  I  have  been  asked  to 
select  two  geologists,  by  preference  Scotsmen,  who  are  disciples  of  Murchison,  or 
who  are  carrying  on  the  kind  of  research  to  which  he  devoted  himself.    To  eaoli 
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of  tbeie  workers  tlie  generous  donor  asks  to  be  allowed  to  give  a  framed  portrait  of 
Murchiflon  together  with  a  sam  of  £50.  The  conditions  of  the  gift  circumscribed 
my  choice,  but  I  feel  confident  that  I  shall  carry  the  Society  with  me  when  I  saj 
that  there  axe  pre-eminently  two  Scottish  geologists  who  have  worthily  followed  in 
lInrchison*8  footsteps,  but  with  no  slavish  regard  for  the  opinions  of  their  master, 
who  are  continuing  and  extending  his  work,  and  who  by  their  constant  association 
alike  in  the  field  and  in  descriptive  writing  deserve  to  share  in  this  tribute  to  the 
memory  of  their  former  chief.  I  need  hardly  say  that  I  allude  to  Mr.  fi.  N.  Peach 
and  Mr.  John  Home. 

The  President  then  presented  an  envelope  containing  a  cheque 
for  £50  to  Mr.  B.  N.  Peach,  and  requested  him  to  convey  a  similar 
packet  to  Mr.  J.  Home. 

Mr.  Peach,  in  reply,  said : — Mr.  President, — On  behalf  of  m^  colleague,  Mr. 
Home,  and  myself  I  oeg  to  thank  you  for  your  kindness  in  considering  that  we  have 
carried  on  the  work  of  our  old  chief,  Sir  Roderick  Murchison,  in  the  true  spirit,  and 
I  beg  to  request  that  you  will  convey  our  thanks  to  the  unknown  donor  of  this 
munificent  gift. 

The  President  then  prooeeded  to  read  his  Anniversary  Address, 
in  which  he  first  gave  Obituary  Notices  of  severed  Fellows,  Fr>reigti 
Members,  and  Foreign  Correspondents  deceased  since  the  last  Annual 
Meeting,  including  Sir  Andrew  Ramsay  (President  in  1862-63), 
Prof.  P.  Martin  Duncan  (President  in  1876-77),  the  Duke  of  Devon- 
shire (elected  in  1829),  Mr.  R.  B.  Grantham  (elected  in  1833), 
Prof.  J.  Leidy  (elected  Foreign  Member  in  1866),  Prof.  Ferdinand 
von  Roemer  (elected  Foreign  Member  in  1869),  Baron  Achille  de 
Zigno  (elected  Foreign  Correspondent  in  1886),  the  Earl  of  Northesk, 
Mr.  Frederic  Drew,  Mr.  J.  Thornhill  Harrison,  Sir  J.  Hawkshaw, 
Mr.  Thos.  Roberts,  Mr.  C.  S.  Wilkinson,  Mr.  Kinsey  Dover,  and 
Mr.  Collett  Homersham. 

The  other  portion  of  the  Address  was  devoted  to  a  continuation 
of  the  subject  treated  of  last  year,  and  dealt  with  the  history  of 
volcanic  action  in  this  country  from  the  close  of  the  Silurian  period 
np  to  Older  Tertiary  time.  The  remarkable  volcanic  outbursts  that 
took  place  in  the  great  lakes  of  the  Lower  Old  Red  Sandstone  were 
first  described.  From  different  vents  over  Central  Scotland,  piles 
of  lava  and  tuff,  much  thicker  than  the  height  of  Vesuvius,  were 
accumulated,  and  their  remains  now  form  the  most  conspicuous  hill- 
ranges  of  that  district  It  was  shown  how  the  subterranean  activity 
gradually  lessened  and  died  out,  with  only  a  slight  revival  in  the 
far  north  during  the  time  of  the  Upper  Old  Red  Sandstone,  and 
how  it  broke  out  again  with  great  vigour  at  the  beginning  of  the 
Carboniferous  period.  Sir  Archibald  pointed  out  that  the  Carbon- 
iferous volcanoes  belong  to  two  distinct  types  and  two  separate 
epochs  of  eruption.  The  earlier  series  produced  vast  submarine 
lava-sheets,  the  remains  of  which  now  rise  as  broad  terraced 
plateaux  over  parts  of  the  Lowlands  of  Scotland.  The  later  series 
manifested  itself  chiefly  in  the  formation  of  numerous  cones  of  ashes 
which  were  dotted  over  the  lagoons  and  shallow  seas.  After  a  long 
quiescence,  volcanic  action  once  more  reappeared  in  the  Permian 
period,  and  numerous  small  vents  were  opened  in  Fife  and  Ayrshire 
and  far  to  the  South  in  Devonshire.  With  these  eruptions  the  long 
record  of  Palaeozoic  volcanic  activity  closed.     No  trace  has  yet  been 


188  Reports  and  Proceeding 

discovered  of  any  volcanic  rocks  intercalated  among  the  Secondary 
formations  of  this  country,  so  that  the  whole  of  the  vast  interval  of 
the  Mesozoic  period  was  a  prolonged  time  of  quiescence.  At  last, 
when  the  soft  clays  and  sands  of  the  Lower  Tertiary  deposits  of  the 
South-east  of  England  began  to  be  laid  down,  a  stupendous  series 
of  fissures  was  opened  across  the  greater  part  of  Scotland,  the  North 
of  England,  and  the  North  of  Ireland.  Into  these  fissures  lava  rose, 
forming  a  notable  system  of  parallel  dykes.  Along  the  great  hollow 
from  Antrim  northwards,  between  the  Outer  Hebrides  and  the  main- 
land of  Scotland,  the  lava  flowed  out  at  the  surface  and  foimed  the 
well-known  basaltic  plateaux  of  that  region. 

The  address  concluded  with  a  summary  of  the  more  important 
facts  in  British  volcanic  history  bearing  on  the  investigation  of  the 
nature  of  volcanic  action.  Among  these  the  President  laid  special 
stress  on  the  evidence  for  volcanic  periods,  during  each  of  which 
there  was  a  gradual  change  of  the  internal  magma  from  a  basic  to 
an  acid  condition,  and  he  pointed  out  how  this  cycle  had  been 
repeated  again  and  again  even  within  the  same  limited  area  of 
eruption.  In  conclusion,  he  dwelt  on  the  segregation  of  minerals 
in  large  eruptive  masses  and  indicated  the  importance  of  this  fact 
in  the  investigation,  not  only  the  constitution  and  changes  of  the 
volcanic  magma,  but  also  of  the  ancient  gneisses  where  what  appear 
to  be  original  structures  have  not  yet  been  effaced. 

The  Ballot  for  the  Council  and  Officers  wa9  taken,  and  the  following  were  didt 
elected  for  the  ensuing  year: — Council i  Prof.  J.  F.  Blake,  M.A. ;  Prof.  T.  Gk 
Bonney,  D.Sc.,  LUD.,  F.R.S. ;  James  W.  Dayis,  Esq.,  F.L.8.,  F.S.A. ;  B. 
Etheridffe,  Esq.,  F.R.S. ;  L.  Fletcher,  Esq.,  M.A.,  F.R.S.;  Prof.  C.  Le  New 
Foster,  D.Sc,  B.A. ;  Sir  A.  Geikie,  D.Sc,  LL.D.,  F.R.S. ;  Alfred  Barker,  Esq., 
M.A. ;  H.  Hicks,  Esq.,  M.D.,  F.R.S.;  G.  J.  Hinde,  Esq.,  Ph.D.;  W.  H. 
Hudleston,  Esq.,  M.A.,  F.R.S. ;  Prof.  T.  McKenny  Hughes,  M.A.,  F.R.S. ;  J.  W. 
Hulke.  Esq.,  F.R.S. ;  Prof.  J.  W.  Judd,  F.R.S.;  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.; 
H.  W.  Monckton,  Esq. ;  Clement  Reid,  Esq.,  F.L.S.;  J.  J.  H.  Teall,  Esq.,  M.A-, 
P.R.S. ;  W.  Topley,  %.,  F.R.S. ;  Prof.  T.  Wiltshire,  M.A.,  F.L.S. ;  Rev.  H.  H. 
Winwood,  M.A. ;  H.  Woodward,  Esq.,  LL.D.,  F.R.S. ;  H.  B.  Woodward,  Esq. 

Opficers.— Pz-MiViffii :  W.  H.  Hudleston,  Esq.,  M.A..  F.R  S.  Viee*Frt»id€ntt\ 
Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S.;  L.  Fletcher,  Esq.;  M.A.,  F.R.S.: 
G.  J.  Hinde,  Esq.,  Ph.D.;  Prof.  J.  W.  Judd,  F.R.S.  Seeretariss:  H.  Hicks, 
Esq.,  M.D.,  F.R.S.;  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.  Foreign  Secretary:  J.  W. 
Hulke,  Esq.,  F.R.S.     Treaturer:  Prof.  T.  Wiltshire,  M.A.,  F.L.S. 

The  thanks  of  the  Fellows  were  unanimously  voted  to  the  retiring  Members  of 
Council:  Dr.  W.  T.  Blanford,  Dr.  J.  Evans,  James  Carter,  Esq.,  J.C.  Hawkshaw, 
Esq.,  and  F.  W.  Rudler,  Esq. 


II.— February  24,  1892.— W.  H.  Hudleston,  Esq.,  M.A.,  F.RS., 
President,  in  the  Chair. — The  following  oommunications  were  read : 

1.  "The  Raised  Beaches,  and  'Head,'  or  Rubble-Drift,  of  the 
South  of  England ;  their  Relation  to  the  Valley-Drifts  and  to  the 
Glacial  Period  ;  and  on  a  late  Post-Glacial  Submergence. — Part  XL** 
By  Joseph  Prestwich,  D.C.L.,  F.R.S.,  F.G.S.  (For  Part  I.  see  p.  136.) 

The  ossiferous  deposits  of  the  Caves  of  Gower  are  shown  to  be 
contemporaneous  with  the  raised  sand-dunes  between  the  beaches 
and  the  'head,'  and  reasons  are  given  for  supposing  that  the  eleva- 
tion of  laud  which  preceded  their  formation  need  not  necessarily 
liave  been  greater  than  120  .feet    The  mammalian  fauna  of  these 
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oaiwB  is  the  last  fauna  of  the  Olaoial  or  post-GIaoial  period,  and  the 
'head '  or  Robbie-drift  marks  the  closiDg  chapter  of  Glacial  times. 

Evidence  is  given  for  considering  that  the  *  Bubble-drift '  has 
a  wide  inland  range,  and  that  to  it  are  to  be  referred  the  '  Head '  of 
De  la  Beche,  the  Subaerial  Detritus  of  Gkxlwin-Ansten,  the  Angular 
flint  drift  of  Mardiison,  and  in  part  the  'trail'  of  Fisher  and  the 
'  warp '  of  Trimmer,  as  well  as  other  depoAits  described  by  the  author. 
The  accumulation  is  widespread  over  the  South  of  England,  and 
occurs  in  the  Thames  Valley,  on  the  Gotteswold  Hills,  and  on  the 
flanks  of  the  Malvema.  The  stream-tin  detritus  of  Cornwall  and 
Uie  ossiferous  breccia  filling  fissures  (which  must  be  distinguished 
from  the  ossiferous  deposits  of  the  true  caves)  are  held  to  be  repre- 
sentatives of  the  '  Rubble-drift,'  which  is  of  a  variable  character. 

The  author  discusses  the  views  of  previous  writers  on  the  origin 
of  the  accumulations  which  he  classes  together  as  'Bubble-drift,' 
and  points  out  objections  to  the  various  views.  He  considers  that 
they  were  formed  on  upheaval  after  a  period  of  submeigenoe  which 
took  place  slowly  and  tolerably  uniformly :  and  that  the  absence 
of  marine  remains  and  sedimentation  shows  the  submergence  to 
have  been  short  This  submergence  cannot  have  been  less  than 
1000  feet  below  present  sea-level,  and  was  shortly  brought  to  a 
termination  by  a  series  of  intermittent  uplifts,  of  which  the  '  head  ' 
affords  a  measure,  sufficiently  rapid  to  produce  currents  radiating 
from  the  higher  parts  of  the  country,  causing  the  spread  of  the 
surface-detritus  from  various  local  centres  of  higher  ground.  The 
remains  of  the  land  animals  killed  during  the  submergence  wei*e 
swept  with  this  debris  into  the  hollows  and  fissures  on  the  surface, 
and  finally  over  the  old  cliffs  to  the  sea-  and  valley -levels.  Simul- 
taneously with  this  elevation  occurrpd  a  marked  change  of  climate, 
and  the  temperature  approached  that  of  the  present  day.  The 
formation  of  the  '  head '  was  followed  in  immediate  succession  by 
the  accumulation  of  recent  alluvial  deposits;  so  that  the  Glacial 
times  came,  geologically  speaking,  to  within  a  measurable  distance 
of  our  own  times,  the  transition  being  short  and  almost  abrupt. 

In  this  paper  only  the  area  in  which  the  evidence  is  most  com- 
plete is  described.  The  author  has,  however,  corroborative  evidence 
of  submergence  on  the  other  side  of  the  Channel. 

2.  *'The  Pleistocene  Deposits  of  the  Sussex  Coast,  and  their 
Equivalents  in  other  Districts."  By  Clement  Beid,  Esq.,  F.L.S., 
F.G.S.  (Communicated  by  permission  of  the  Director- General  of 
the  Geological  Survey.) 

The  gales  of  last  autumn  and  early  winter  exposed  sections  such 
as  had  not  before  been  visible  in  the  Selsey  Peninsula.  Numerous 
large  erratic  blocks  were  discovered,  sunk  in  pits  in  the  Bracklesham 
Beds.  These  erratics  included  characteristic  rocks  from  the  Isle  of 
Wight  The  gravel  with  erratics  is  older,  not  newer  as  is  commonly 
stated,  than  the  Selsey  'mud-deposit'  with  southern  mollusoa. 
Numerous  re-deposited  erratics  are  found  in  the  mud-deposit,  which 
is  divisible  into  two  stages,  a  lower,  purely  marine,  and  an  upper, 
or  iScro6tcii/arta-mud,  with  acorns  and  estuaiiue  shells. 
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'  At  West  Wittering  a  flaviatile  deposit,  with  erratics  at  its  hw^ 
and  stony  loam  above,  is  apparently  closely  allied  to  the  mnd- 
deposit  of  Selsey ;  it  yields  numerous  plants,  land  and  freshwater 
moUusca,  and  mammalian  bones,  of  which  lists  are  given. 

The  strata  between  the  briokearth  (=Coombe  Rock)  and  the 
gravel  with  large  erratics  yield  southern  plants  and  animals,  and 
seem  to  have  been  laid  down  during  a  mild  or  interglacial  episode. 
A  similar  succession  is  found  in  the  Thames  Valley  and  in  various 
parts  of  our  eastern  counties. 


Ill— March  9,  1892.— W.  H.  Hudleston,  Esq.,  M.A.,  F.RS., 
President,  in  the  Chair. — The  following  communications  were  read  : 

1.  ''The  New  Railway  from  Grays  Thurrock  to  Romford  :  Sections 
between  Upminster  and  Romford."     By  T.  V.  Holmes,  Esq.,  F.G.S. 

In  the  Hornchurch  cutting  of  the  new  railway.  Boulder-clay, 
of  which  about  15  feet  is  seen,  rests  upon  the  London-clay  near 
the  100-feet  contour-line,  and  is  overlain  by  10  to  12  feet  of  sand 
and  gravel.  The  author  gives  reasons  for  inferring  that  this  sand 
and  gravel  belong  to  the  oldest  terraces  of  the  Thames  Valley  gravel 
occurring  in  this  district,  and  states  that  it  demonstrates  the  truth 
of  Mr.  Whitaker's  conclusion  that  the  Thames  Valley  deposits  are 
(locally)  post-Glacial,  or  newer  than  the  local  Boulder-clay. 

2.  "  l^he  Drift  Beds  of  the  North  Wales  and  Mid- Wales  Coast" 
By  T.  Mellard  Reade,  Esq.,  C.E.,  F.G.S. 

This  paper  is  a  continuation  of  papers  by  the  author  on  the  Drift 
Beds  of  the  N.W.  of  England  and  North  Wales.  The  author  first 
treats  of  the  Moel  Tryfaen  and  other  Caernarvonshire  drifts ;  he 
describes  the  drifts  of  the  coast  and  coastal  plain,  connecting  his 
observations  with  those  of  the  Moel  Tryfaen  drifts.  An  important 
feature  of  the  investigation  is  the  numerous  mechanical  analyses  of 
the  various  clays,  sands,  and  gravels.  In  all  the  samples  but  one,  a 
large  propoi*tion  of  extremely  rounded  and  polished  quartz-graius 
have  been  found,  which  the  author  maintains  to  be  true  erratics,  and 
a  certain  sign  of  marine  action.  He  shows  that  the  Moel  IVyfaen 
marine  sands  are  in  part  overlain  by  typical  IHll,  composed  almost 
wholly  of  local  rocks  with  a  small  percentage  of  clay,  whereas  the 
sands  and  gravels  are  full  of  erratics  including  rocks  from  Scotland 
and  the  Lake  District,  numerous  flints.  Carboniferous  Limestone,  and 
crystalline  schists.  Throughout  the  drifts  of  the  coastal  plain  he 
has  found  a  greater  or  less  proportion  of  granite  erratics,  as  well  as, 
in  many  cases,  minute  rolled  shell-fragments.  He  maintains  that 
these  drifts  are  the  result  of  two  opposing  forces,  one  radiating  from 
Snowdonia,  and  the  other  acting  from  the  sea  to  the  southwards, 
and  their  characteristics  change  as  the  one  or  the  other  force  pre- 
ponderated. 

The  other  divisions  of  the  paper  are  taken  up  with  a  description 
of  the  Merionethshire  drift  and  that  of  Mid-Wales,  numerous  sections 
being  given.  Attention  is  called  to  a  remarkable  glaciation  of  the 
rocks  at  Barmouth. 

In  a  conclvtdiug  part,  giving  inferences  and  suggestions,  the  author 
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disousaes  the  land-ice  and  submergence  hypotheses,  and  concludes 
that  bis  observations  distinctly  strengthen  the  grounds  for  believing 
iu  a  submergenoe  of  the  land  to  an  extent  of  not  less  than  1400  feet. 
An  Appendix  contains  details  of  nineteen  mechanical  analyses  of 
tills,  sands,  and  gravels,  and  a  bibliography  of  papers,  observations, 
and  theoriea  of  the  high-level  drifts  of  Moel  Tryfaen. 


KEADE'S  THEORY  OP  MOUNTAIN   BUILDING. 

Sib, — Mr.  Jukes-Browne  seems  to  holds  peculiar,  not  to  say  ex- 
acting, -vievrs  of  the  way  scientific  controversy  should  be  conducted. 

Having  replied  to  Mr.  Davison's  criticisras  on  a  fundamental 
principle,  without  a  rejoinder  from  him,  though  nearly  a  year  has 
sinoe  elapsed,  I  am  now  invited  to  go  on  answering  him  until  some 
nnnamed  but  *'good  physicists"  are  satisfied.  1  need  hardly  say 
that  this  is  a  labour  I  must  decline.  At  the  same  time,  I  am  ready 
to  meet  fairly  any  good  physicists  who  are  prepared  to  speak  in 
their  own  names.  T.  Mbllabd  Rkadb. 

Mmrch  9th,  1892.  

ON  A  FAULT  WITHOUT  A  THROW. 

Sib, — ^The  north-western  part  of  the  Wirral — the  district  forming 
the  western  horn  of  Cheshire— is  very  extensively  faulted.  The 
prevailing  direction  of  the  faults  is  north  and  south,  but  at  places 
east  and  west  faults  are  met  with.  These  abut  against  the  north 
and  south  faults  and  are  generally  terminated  by  them. 

A  remarkable  characteristic  of  many  of  these  east  and  west  faults 
is  that  although  they  possess  slickensided  faces  and  there  is  evidence 
of  great  movements,  there  is  little  or  no  throw. 

A  very  good  example  is  now  exposed  near  Caldy  Grange  Grammar 
School,  West  Kirby.  There  is  a  fine  flank  expr)8ure  of  a  north  and 
south  fault  just  behind  the  school.  It  was  described  by  Mr.  0.  W. 
JeflFs  in  1887  (Proc.  Liverpool  Geol.  Soc.  vol.  v.  p.  247).  He  men- 
tioned three  east  and  west  faults  which  terminated  against  the  main 
fault.  Since  that  time  another  east  and  west  fault  has  been  exposed 
and  was  descril>ed  by  Messrs.  Beasley  and  Lomas  before  the  Liver- 
pool Geological  Society  in  February,  1892.  Tliis  fault  has  been 
traced  westwards  from  the  main  fault  for  about  a  third  of  a  mile, 
and  in  one  part  forms  a  ridge  of  fault-rock  beautifully  slickensided 
about  6  feet  wide  and  rising  like  a  wall  above  the  surrounding 
Upper  Bunter  to  a  height  of  6  to  8  feet. 

A  transverse  section  is  seen  in  a  little  cutting  west  of  the  Water- 
works, and  the  beds  are  continued  across  the  fault  without  the 
slightest  displacement 

Similar  east  and  west  faults  have  been  noticed  at  Storeton  and 
other  places,  but,  so  far  as  I  can  ascertain,  no  satisfactory  theory  has 
been  advanced  to  explain  their  peculiarities. 

In  the  CaMy  Grange  fault  the  Keiiper  has  been  faulted  down 
against  the  Bunter.     It  does  not  follow  that  the  Keuper  would  move 
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at  the  same  rate  or  at  the  same  time  along  the  whole  distanee  of  tlie 
north  and  south  fault.  If  we  grant  differential  motion,  the  matter 
11  explained.  The  Eeuper  might  slip  to  a  certain  point  and  fracture 
there,  then  the  other  portion  falling  would  slickenside  the  face,  and 
a  throw  equal  to  that  of  the  main  fault  might  leave  no  residual  throw. 

J.  LoMASy  Assoc.  N.SS. 


HENRY  NORTON,  F.G.S. 

Bt  the  death  of  Henry  Norton,  of  Norwich,  we  have  to  record  the 
loss  of  an  enthusiastic  student  of  Norfolk  geology,  and  one  of  the 
most  learned  men  of  the  present  century.  He  was  the  son  of  William 
Norton,  Esq.,  of  Old  Buckenham,  and  in  his  youth  was  articled  to 
Messrs.  Mitchell  &  Clarke  of  Wymondham,  and  afterwards  set  up 
practice  as  a  solicitor  in  Surrey  Street,  Norwich.  Possessed  of 
ample  means,  he  relinquished  his  profession  to  devote  himself  to 
travelling  in  the  East  and  throughout  Europe.  Once,  no  doubt 
because  of  the  eccentricity  of  his  conduct,  he  was  apprehended  in 
Vienna  as  a  spy.  For  many  years  Mr.  Norton  devoted  himself  to 
the  study  of  Sanskrit,  Syriao,  Chinese,  and  other  Eastern  languages, 
in  which  he  became  so  proficient  that  he  was  able  to  read  the  works 
of  Eastern  philosophers  and  savants  in  their  own  tongue.  He  was 
also  a  good  Scandinavian  and  Grerman  scholar.  Of  late  years  he 
applied  himself  a  great  deal  to  the  study  of  modem  science  and 
philosophy,  and  more  especially  to  the  geology  of  Norfolk. 

He  joined  the  Norwich  Geological  Society  when  it  was  first 
established  in  1864,  and  became  a  Fellow  of  the  Geological  Society 
of  London  in  1875. 

He  examined  in  great  detail  the  sections  at  Pakefield  and  Eess- 
ingland,  and  read  before  the  Norwich  Society  a  paper  in  1876 
(published  in  the  *  Norfolk  Chronicle '  for  Ma}-  6).  A  subsequent 
communication  on  the  '  Forest  Bed  of  East  Norfolk '  was  issued 
separately  (reprinted  from  the  'Norwich  Mercury*  of  May  6,  1877); 
and  in  this  paper  he  boldly  and  acutely  discussed  the  evidence  that 
had  been  published  on  the  subject  of  stumps  of  trees  being  rooted 
in  situ  in  the  Cromer  Forest  Bed.  He  showed  that  the  published 
evidence  was  inconclusive.  In  1877  Mr.  Norton  contributed  some 
notes  on  species  of  Hydrohia  from  the  Freshwater  Beds  of  Bunton 
and  Mundesley  (Proc.  Norwich  Geol.  Soc.  vol.  i.  p.  16).  In  187y 
he  read  a  paper  embodying  great  research  on  the  Atlantis  Island, 
coming  to  the  conclusion  that  it  was  in  reality  the  continent  of 
Africa  (Proc.  N.G.S.  vol.  i.  pp.  75,  80).  In  1880  he  communicated 
to  the  same  society  (Ibid,  p.  110)  notes  on  the  Palaeontology  cff  the 
Ancients  (Greeks  and  Romans) ;  and  also  an  explanation  of  the 
word  "  Paramoudra '*  {Ibid,  p.  132). 

He  died  in  February  last,  in  his  80th  year.  [Some  further 
particulars  of  his  life  were  given  in  the  "  Eastern  Daily  Press " 
of  February  24.] 
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I. — On   a  Nrvboptebous  Inskot  from  thr  Lower  Lias, 

Barrow-on-SoaR;  Lriobstkrshirk. 

By  Hbnbt  Woodwabo,  LL.D.,  F.R.S.,  F.G.S., 
of  the  British  Museum  (Natural  History). 

(PLATE  V.) 

^0  TDUch  attention  has  been  bestowed  of  late  years  on  fossil 
3  organic  remains  from  rooks  of  all  ages,  that  it  must  appear 
urprising  to  find  so  little  notioe  has  been  directed  to  the  Insect- 
emtiins  from  the  British  Secondary  rocks. 

It  is  now  nearly  fifty  years  since  that  veteran  geologist,  the  Rev. 
?.  B.  Brodie.  M.A.,  F.G.S.,  published  his  modest  little  8vo.  volume 
>ntitled  •*  A  History  of  the  Fossil  Insects  in  the  Secondary  Rocks  of 
Sngland  "  *  which  is  still  the  only  separate  work  of  the  kind  extant. 
!^uinerou8  Insect-remains  have,  it  is  true,  been  described  by  Prof.  J. 
X  Westwood,  Mr.  H.  E.  Strickland,  Prof.  J.  F.  Blake,  Mr.  A.  G. 
tiutler,  and  Mr.  S.  H.  Scudder,  from  English  rocks  of  Secondary 
ige ;  and  Mr.  Herbert  Goss  has  given  an  excellent  summary  of  our 
\nowledge  of  the  Mesozoic  Insects  in  the  Proceedings  of  the  Geo- 
logists' Association  (1879). 

Although  fossil  insects  are  rarely  well-preserved  in  our  Secondary 
rocks,  yet  it  cannot  be  doubted  that  thej'^  were  extremely  abundant 
Inring  this  period,  their  remains  having  been  obtained  from  the 
VVealden  beds  of  Hastings.  Tunbridge,  and  Maidstone ;  the  Purbeck 
beds  of  Durl'ston  Bay,  of  Swanage,  and  Ridgway,  Dorset,  have  also 
long  been  known  to  yield  such  organisms,  many  of  them  having 
been  figured  and  described  by  Brodie  and  Westwood;  whilst  the 
'•Insect-limestone"  in  the  Purbeck  strata  of  the  Vale  of  Wardour 
in  Wiltshire,  was  formerly  the  happy  hunting  ground  which 
furnished  the  materials  for  Brodie's  History  of  Fossil  Insects. 
Traces  of  Insects  have  likewise  been  obtained  from  the  Kimmeridge 
Olay,  the  Oxford  Clay,  Forest  Marble,  Great  Oolite,  Stonesfield 
Slate,  and  lastly  from  the  Lias  and  Rhaetics. 

Mr.  Herbert  Goss,  F.G.S.,'  in  his  excellent  summary  of  the 
Insect  Fauna  of  the  Secondary  Period,  writes  as  folio W8 : — 

"The  Lias  and  Rhrotic  formations  are  the  oldest  rocks  of  this 
period  in  which  fossil  insects  have  been  detected  in  England.     In 

1  lx)QdoD,  8vo.  pp.  xviii.  and  130,  with  11  plates,  1815. 

'  See  **The  Insect  Fauna  of  the  Secondary  or  Mesozoic  Period,  and  the  British 
and  Foreign  Formations  of  that  Period  in  which  Insect- remains  have  been  detected," 
by  Herbert  Goss,  F.L.S.,  F.G.S.,  Proc.  Geologists'  Association,  1879,  ▼ol.  vi. 
pp.  116-150. 
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some  of  the  minor  divisions  insect-remains  have  been  discovered 
in  such  abundance  that  the  beds  containing  them  have,  as  in 
the  *  Purbecka/  been  called  '  Insect -Limestone.'  Fossil  insects 
have  been  found,  chiefly  in  the  lower  division  of  this  formation, 
in  Gloucestershire,^  Worcestershire,  Warwickshire,  Somersetshire, 
Dorsetshire,  and  on  the  bonlers  of  Monmouthshire;  a  few  have 
also  been  found  in  Yorkshire.'  They  are  generally  in  a  much  more 
fragmentary  condition  than  those  from  the  *  Purbecks/  and  are  less 
common  than  in  the  latter  formation. 

"  Mr.  Brodie  states  that  he  first  discovered  these  interesting  fossils 
in  the  immediate  neighbourhood  of  Gloucester,'  and  he  adds,  that 
some  of  the  beds  of  limestone  in  the  lowest  divisitm  of  the  Lias, 
in  the  Vale  of  Gloucester,  abound  in  insects;  and  that  beautiful 
specimens,  chiefly  elytra  and  wings,  have  also  been  found  in  the 
Upper  Lias  at  Dumbleton  and  Alderton. 

*'  At  Dumbleton,  which  is  K.£.  of  Cheltenham,  Mr.  Brodie  obtained 
from  the  Upper  Lias  shales  one  nearly  perfect  Neuropterous  insect, 
of  which  Prof.  W^estwood  says':  'It  possesses  an  arrangement  of 
the  wing- veins  differing  from  that  of  any  English  species,  and  also 
from  any  foreign  species  known  to  me,  but  it  comes  nearest  to  the 
small  LibeUula  forming  the  genus  Diplax.' 

**  In  the  Upper  and  Middle  portions  of  the  Lower  Lias,  which 
are  extensively  developed  in  the  neighbourhood  of  Gloucester  and 
Cheltenham,  traces  of  insects  are  said  to  be  exceedingly  soaroe; 
but  at  Wainlode  Cliflf,  on  the  banks  of  the  Severn,  near  Gloucester, 
the  Insect  Limestone  has  produced  remains  of  several  genera  of 
Coleoptera.  In  the  Insect- Limestone  to  the  south-west  of  Combe 
Uill,  not  far  from  the  last-mentioned  locality,  Mr.  Brodie  obtained 
a  great  number  and  variety  of  insect-remains,  consisting  chiefly  of 
the  elytra  of  Coleoptera,  and  a  few  imperfect  but  large  wings  of 
Libellulida, 

**  At  Apperley,  near  Wainlode  Cliif,  remains  of  insects  have  been 
found  in  plenty,  many  small  slabs,  three  or  four  inches  square, 
exhibiting  several  elytra  and  wings,  and  a  few  small  Beetles. 

"From  the  Insect-Limestone,  near  the  village  of  Hasfield,  Glouces- 
ter, many  elytra  of  Coleoptera  have  been  obtained.  The  same 
formation,  in  the  neighbourhood  of  Forthampton,  near  Tewkesbury, 
has  also  iurnished  fossil  insects,  belonging  to  the  same  families  as 
those  found  in  the  localities  before  mentioned. 

*  In  a  note  at  p.  378  of  the  Quart.  Juurn.  Geol.  Soc.  toI.  x.  1854,  Prof. 
"Westwood  states  that  "  A  rich  collection  of  fossil  insects,  from  the  Lias  of  Gloucester- 
shire, etc.,  has  been  made  by  Mr.  ^V.  K.  Bintield,  to  whom  also  the  Museum  of  the 
Geolofi^ical  Society  is  indebted  for  a  suite  of  insects  from  the  Lias  of  Lyme  Ke^.*' 

'  The  Rev.  J.  F.  Blake  has  described  and  figured  two  fragments  of  insects  from 
the  Yorkshire  Lias.  One  specimen  consists  of  an  elytron  of  a  beetle,  named  by  Mr. 
Blake  BupresiiUs  bractotdea^  and  the  other  specimen  consists  of  two  wings  of  a 
JieuropUrous  insect,  apparently  belonging  to  some  species  allied  to  Chauliodts,  which 
Mr.  Blake  has  named  Chaulwditet  minor.  See  '*  Yorkshire  Lias,**  by  Holph  Tate 
and  J.  F.  Blake,  London,  1876,  p.  426,  pi.  xvi.  figs.  5  and  6. 

3  See  Brodie's  '*  Fossil  Insects,"  pp.  di-103,  and  the  Quart.  Joum.  Geol.  Soc 
▼ol.  iv.  1846,  pp.  14-16. 

*  See  Quart.  Journ.  Geol.  Soc.  Yol.  v,  1849,  pp.  31-35. 
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'*  At  Strensham,  about  niue  miles  from  Evesbam,  inseots  have  been 
obtained  from  a  bed  of  Inseot-Limestone  at  the  bottom  of  a  large 
quarry.  Amongst  them  'was  found  part  of  the  abdomen  of  a  gigantic 
apecies  of  Libelltda,  which  Mr.  Brodie  named  Lihellula  Hopei.  In 
l&e  neighbourhood  of  Evesham  the  Inseot-Limestone  has  produced 
numerons  remains  of  insects,  the  wings  and  elytra  of  many  of  which 
are  said  to  be  beautifully  preserved.  In  the  lower  division  of  the 
Lias,  in  this  neighbourhood,  Mr.  H.  E.  Strickland  ^  discovered  small 
elytra  of  Cohoptera  and  portions  of  the  wings  of  Lihelltdida. 

"  From  one  quarry  near  Bidford,  Warwickshire,  Mr.  Brodie  obtained 
a  small  species  of  the  family  Grylltda,  which  he  named  Qryllus 
Bueklandi  in  honour  of  Professor  Buckland. 

**  In  some  of  the  quarries  in  this  neighbourhood  (Bid ford)  the  wings 
of  LiheUvdidUe  were  obtained,  particularly  at  a  place  called  the  '  Nook.' 
where  a  beantiful  specimen  was  found,  which  has  been  described 
and  figured  by  Mr.  Strickland.' 

"  Mr.  E.  T.  Higgins  obtained  from  the  Lower  Lias  or  the  Rhsetics, 
in  the  southern  parts  of  Oloucestershire  and  the  adjoining  county 
of  Somerset,  in  the  neighbourhood  of  Bristol,  numerous  remains  of 
insects.  From  Aust,  near  Bristol,  and  from  Sudbury  on  the  Mon- 
uouthshire  side  of  the  Severn,  about  three  miles  from  Chepstow, 
the  Insect-Limestone  and  the  '  Landscape-Stone '  have  afforded  a 
quantity  of  remains.  In  some  slabs  the  insects  were  found  imbedded 
together  in  masses.  In  one  slab,  Mr.  Higgins  is  stated  to  have 
detected  as  many  as  30  small  Beetles. 

**  From  the  frequency  of  such  delicate  creatures  as  insects  in  the 
'Landscape-Stone,'  and  in  another  band  of  Limestone,  only  a  few 
feet  higher,  some  of  which  are  said  to  be  beautifully  preserved,  and 
could  not  have  been  long  subject  to  the  action  of  the  waves,  it  is 
supposed  by  Mr.  Brodie,  that  this  part  of  the  Lias  may  have  been 
formed  in  an  estuary,  which  received  the  waters  of  some  neighbouring 
coasts,  and  which  brought  down  the  remains  of  insects  and  plants. 

•*  Coleopiera  appear  to  have  been  abundant  in  the  Lias,  for  out  of 
some  3CK)  specimens,  or  parts  of  specimens  of  insects,  obtained  from 
this  formation,  examined  by  Professor  Westwood,  more  than  one- 
third  were  referred  by  him  to  this  order,  and  included  representa- 
tives of  the  BupretttidiB,  Elaieridaj  Curculionida,  Chrysomelida^  Cara* 
hida,  Telephorida,  etc.  *  Most  of  the  species  appear  to  have  been  very 
minute,  never  equalling  in  size,'  observes  Mr.  Westwood,  *  those 
from  the  Stonesfield  Slate.'  The  other  orders  represented  in  this 
formation  are  the  Orthopieray  the  Neuropiera,  the  Hemiptera,  and 
(possibly)  the  Diptera? 

**The  remains  of  Orthoptera  include  Gryllida  and  Blaittda;  the 
Eemiptera  include  Cicada  and  Ginnert,  and  the  Neuroptera,  Libelltday 
Agrian,  Orthophlebia,  HemerohtuSy  ^nclma,  ChauHodes  and  Ephemera. 
Among  these  various  families  and  genera  we  have  omnivorous, 
herbaceous,  and  predaceous  species.  Many  of  the  families  and 
genera  found  in  the  Lias  are  common  both  to  it  and  the  Purbecks. 

*  Quart.  Joum.  Geol.  Soc.  1846,  vol,  iv.  pp.  14  -1^. 

*  ISee  Mag.  Nat.  Hist.  ?ol.  i?.  1840,  pp.  301-303,  and  woodcuts  (New  Seiie^V 
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■-  y\'\.\^z'-  *.*  *  raTe.  'Le  remAint  of  insects  frcin  rfci*  fonnition 
•f<r  very  i ri:p-r rf-^<^:  ii.-i  frazmen^ry,  the  decacL^d  win^  of  iuaiit 
S'iur-fteTons  :n*rt:!*  are  prwerrel  in  the  zrearest  pertccciiZ'Q.  and 
h^v*  :r.^  n  err  ere*  t  f  the  winz«  teiat  if c  11  t  defin«*i.  The  lize  of 
thr  :r.«-ircr*.  jiir'-rz  froci  the  rrm&ic$.  apf>e*n  to  hare  been  osoally 

"It  mav  c-?  cr^ervei  :h%t  D€«rlT  all  the  fonil-insects  from  this 
f-^rmiti-.n  hiv*.  w::L  the  eX':?epion  of  a  few  specimens  fp?m  the 
U[jr:r  •J;v;*:  ■:;.  h-rr-r.  obtained  fr,.m  the  /oif«/*  diritioa  of  the  Liss» 
or  zr. Ti\  :L-  K.  :v::c  *rrie<,  betwwn  the  Lias  and  the  Tris&  Bemsins 
f.f  in*'K':s  fr  t^;  :he  Lii*  and  Rhs&tics  are  verr  ninneroos.  bni  ihe 
mv"'r!*y  *:•{  theiu  are  in  such  a  fragmentaiy  condition  that  it  has 
be^n  impK'j^^ir  Ir.  even  t''>r  those  who  have  devotel  special  attention 
to  the  i^ur-ject,  to  make  ont  the  spc:cies  to  which  they  belong; 
About  oO  *pecies.  however,  have  been  determined,  which  are  dis* 
tri'-'ite*!  an.-  nsrst  nv^-.r-ler*  as  follows,  viz. : — tolfopifra.29  species; 
y*:i'ropUra,  1-:  Orthoitem,  7;  Hemiptera,  6;  Dipttsra^  2  (supposed). 

"  N>  trai  es  of  Lfpi'in^Ura  or  Hymenoptera  have  been  met  with, 
ai.'l  tiie  ri=-ni;tin<  which  have  been  referred  to  the  Diptera  are 
extremely  dviibtmL" 

For  jenni««ion  to  descril*  and  fip^re  the  very  fine  impressii^n  of 
a  Lias  Insect,  which  forms  the  subject  of  Plate  V.  Fig.  1.  I  am 
in<:ebred  to  the  kindness  of  Montagu  Bn.»wne,  Esq.,  F.G.S.,  Curator 
of  the  Town  Museum.  Leicester,  who  obtained  it  from  the  Lower 
Lias  '  PlnuorhiB'TAin^' .  Barrow-on-Soar,  Leicestershire,  in  18^9,  when 
sj»ending  bis  vacation  there.  Tlie  insect  is,  so  far  as  I  am  aware. 
unique  of  its  kind  as  a  fossil,  and  is  preser^'ed  in  almost  equal  clearness, 
as  an  irnpresMon  and  counterp;^rt,  uf^jn  two  very  close-grained  slabs 
of  Lower  Lias  Limestone,  from  which  the  well-known  hydraniio 
cement  is  so  largely  manufacture!.  The  insect  itself  is  54  milli- 
metres in  Ien<rtb.  the  fore-le^  extending  12  mm.  beyond  and  in 
front  of  the  bead,  which  is  0  mm.  long  and  8J  mm.  broad.  The 
three  diviftions  of  the  thorax  measure  9  mm.  long  by  8^  in  breadth. 
The  ^^ings,  which  are  neatly  folded  together,  as  in  repose,  are  nearly 
four  times  as  l<>ng  cis  they  are  wide.  In  addition  to  two  fore-legs 
already  mentioned,  one  mandible,  part  of  an  antenna,  the  eyes,  and 
the  two  hind-Iejrs,  are  more  or  less  perfectly  preserved.  The  wings 
are  clouded  with  spots  of  colour  such  as  one  frequently  sees  in 
these  transparent  membranous  organs  in  many  living  Sewropiera ; 
such  colour-markings  have  also  l)een  figured  by  Scudder  in  Mega^ 
theiitohtinn  prntulatitm  from  the  Coal-measures  of  Mazon  Creek, 
Jlliuois,  and  in  his  Brodia  priscotincla  from  the  same  horizon, 
Tipton,  Staffordshire. 

•Th«j  tibia  and  6-jointed  tarsus  of  the  two  fore-legs  can  be  very 
well  Keen  preserve<l  on  the  slab;  the  legs  are  somewhat  stouter  than 
in  many  mo<lern  Xeuroptera,  and  the  tibia  appears  to  have  been 
slightly  serrated  or  spined,  along  the  inner  margin. 

*  Mr.  rjiMw  ni(?ntions  that  he  had  reoeived  from  the  late  Mr.  Charles  Moore,  of 
Batli,  H  hir^'c  cdllf-etion  of  fussil  iIl^ect8  from  the  Vppgr  lias  of  Umiiuter.    This 
loUaetion  included  CoUoptera,  lieuroptera,  Orihoptcra,  etc. 
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The  head  ia  roonded  and  of  moderate  size,  with  a  slight  indentation, 
in  front,  marking  the  median  line,  llie  mandible,  which  is  serrated, 
can  be  seen  on  the  right  side,  and  a  portion  of  the  left  antenna,  with 
its  small  bead-like  joints,  is  preserved.  The  eyes  are  prominent, 
bnt  moderate  in  size.  The  pronotum  is  not  long  and  cylindrical  ns 
in  Chatdiodes,  hot  is  of  nearly  equal  length  with  the  mesonotum  and 
metanotum,  but  the  mesonotum  is  broadest  and  is  angular  in  outline. 
The  abdomen  is  concealed  beneath  the  wings,  and  its  proportions 
cannot  consequently  be  given. 

The  wings,  in  their  closed  position,  measure  42  mm.  in  length,  by 
12  mm.  in  breadth,  but  being  folded  upon  one  another,  it  is  a  matter 
of  considerable  difficulty  to  trace  the  nervures  belonging  to  each  of 
the  separate  wings.  To  begin  with  the  anterior  border.  There  is  an 
entire  absence  of  the  ladder-like  cross- veins  which  unite  the  costa 
with  the  costal  vein  in  the  wings  of  so  many  Neuropterous  insects  ; 
but,  apparently,  there  is  a  trace  of  such  ladder-like  cross-veins  to  be 
faintly  seen  near  the  distal  end  of  the  wings,  and  within  {heir  lateral 
margins,  which  may  possibly  belong  to  the  under ^  or  hind-wings. 
With  regard  to  its  absence  in  the  upper,  or  front-wings,  it  may  be 
explained  either  (a)  as  not  existing;  (6)  as  not  having  been  pre- 
served ;  or  (c)  that  the  costal  margin  was  folded  down  out  of  sight, 
when  the  insect  was  at  rest. 

(a)  I  do  not  know  of  an  instance  of  a  Neuropterous  insect  in 
which  this  well-marked  marginal  line  of  cross- veins  uniting  the 
costal  border  with  the  costal-vein,  is  present  in  the  hind- wings  ^ 
and  absent  in  the  front- wings;  (h)  yet  it  seems  unlikely,  if  it  existed, 
that  no  trace  should  have  been  left  along  the  costal  margin  in  either 
wing;  bnt  (e)  in  a  specimen  of  Chauliodes  Japonicns  (McL.),  with 
the  wings  closed  (which,  by  the  kindness  of  Mr,  Charles  0.  Water- 
bouse,  I  have  been  enabled  to  examine,  together  with  numerous 
other  insects,  in  the  Zoological  Department),  the  costal  margin  of 
the  front  wings  cannot  be  seen,  being  folded  down  out  of  sigbt  on 
each  side.  I  have  not  seen  the  living  insect ;  but  if  this  is  its  normal 
position  when  at  rest,  then  it  may  be  that  the  costal  border  of  the 
wings  of  this  Lias  insect  are  also  concealed  in  a  similar  manner 
beneath  the  rest  of  the  wing.  I  do  not,  however,  feel  confidence 
in  urging  this  hypothesis. 

After  carefully  studying  the  wings  and  comparing  the  relative 
position  of  the  subcostal,  the  principal,  subnodal,  median,  and  sub- 
sector  veins  in  recent  Neuropterous  insects,  with  the  fossil  form,  I 
find  the  points  of  comparison  with  Chauliodes  less  satisfactory  than 
I  had  at  first  anticipated,  and  that  both  in  the  narrow  and  elongated 
form  of  the  wing,  as  well  as  its  more  simple  neu ration  and  the 
absence  of  the  ladder-like  cross- veins  on  the  costal  margin,  there  is 
a  greater  resemblance  to  the  TermitidsB  (sub-order  Pseudoneuroptera). 

The  very  distinct  evidence  of  symmetrically-arranged  colour- 
markings  and  spots  on  the  wings  must  not,  however,  be  lost  sight 

^  As  this  single  line  of  ladder-like  cross-veinlets  occurs  within  the  wirg,  it  may 
not  after  all  belong  to  the  margin  of  the  lower  or  hind-wing,  hut  form  part  of  the 
croat-veinlets  of  the  front  wing  iuelf  (m  in  Clathrotertne*  9ignaiiMy  Heer\. 
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of,  for  they  closely  resemble  those  observable  in  many  species'  of 
Keuroptera  (Chauliodes,  Neuromus  and  Palpares),  and  thejT  do  not 
appear  to  characterize  the  wings  of  Termites,  which  are  uniform  in 
colour.  Nevertheless,  the  laite  Prof.  Oswald  Heer,  in  his  "  Urwelt 
der  Schweiz"  (Zurich,  1865)  pp.  86-86,  taf.  vii.,  has  noticed  the 
wing  of  a  fossil  insect  from  the  Lias  of  Schambelen,  Switzerland, 
with  an  extremely  similar  venation  to  our  specimen,  and, — it  is 
also  very  interesting  to  notice, — with  colour-markings  preserved  upon 
irs  surface.  This  wing  he  names  Calotermes  maeulatus.  He  writes 
as  follows: — "At  Schambelen  six  species  of  Termites  have  been 
discovered.  They  agree  with  the  existing  species  in  the  general 
arrangement  of  the  veins  of  their  wings,  but  di£fer  from  them  in 
many  other  respects;  so  that  they  must  be  regarded  as  forming 
peculiar  extinct  genera,  of  which  I  distinguish  two.  In  one  of 
these  {Clathrotermes  signntus,  Heer),  pi.  vii.  fig.  8,  the  costal  area 
of  the  wing  is  divided  by  delicate  transverse  nervures,  into  a  series 
of  quadrangular  cells,  and  the  wings  are  spotted  with  black  ;  in  the 
other  (Calotermes)  these  transverse  nervures  are  wanting,  but  the 
wings  are  spotted  with  black  in  one  species  {C.  maetdatus,  Heer, 
pi.  vii.  ^g.  7)  and  PL  V.  Fig.  4,  or  they  have  a  dark  costal  area 
(as  in  C.  plagiatus,  Heer,  pi.  vii.  fig.  6).  These  dark  spots  and 
bands  are  peculiar  to  the  Termites  of  the  Lias ;  for  all  the  liiing 
species  have  colourless  wings.  The  Liassic  species,  like  those  of 
the  present  day,  differ  much  in  size ;  the  smallest  ( C  troglodytes, 
Heer)  has  wings  only  3|  lines  long;  in  the  largest  (C.  ohteetus, 
Heer),  they  attain  a  length  of  9  lines"  (English  translation  by 
W.  S.  Dallas,  London,  1876). 

The  new  Termite  from  Barrow-on-Soar  is  relatively  so  very  much 
larger  than  any  of  the  remains  from  the  Lias  of  Switzerland, 
described  and  figured  by  Heer,  that  it  cannot  be  referred  to  the 
same  genus,  yet  it  evidently  belongs  to  this  peculiar  group  with 
spotted  wings.  Therefore,  although  1  am  anxious  to  avoid  the  need- 
less multiplication  of  generic  names,  I  venture  to  refer  our  Lias 
Insect  to  a  new  genus,  Palaotermes,  very  near  to  Heer's  Calotermes, 
with  the  distinctive  specific  name  of  EHisii,  by  desire  of  Mr.  Browne, 
in  recognition  of  his  indebtedness  to  Messrs.  Ellis,  the  owners  of 
the  Lias  Limestone  pits  at  Barrow-on-Soar,  who  have,  for  many 
years,  given  him  special  facilities  in  the  prosecution  of  his  researches. 

EXPLANATION    OP  PLATE   V. 

Fig.  la.  Falaotermes  EHisiiy  H.  Woodw.,  sp.  nor.  (enlarged  twice  nat.  Bise) ; 
from  the  Lower  Lias  {Flanorbis-zoxie)^  Barrow-on-Soar,'  Leicestershire. 
One -half  is  preserved  in  the  British  Museum  (N.  H.),  and  the  other 
in  the  Leicester  Museum. 
Fio.  Ih.  Plan  of  wing  of  same,  drawn  separately,  to  show  probable  arrange- 
ment of  the  ner^'ures  of  the  wing,     x  2  times. 
Fig.  2.  Detached  wing  of  Chauliodea  Japonicus^  McL.     X  2  times  {ad  nat.), 
Fio.   3.  Detached  wing  of  Termes  angustaUts.     x  2  times  (ad  nat.). 
Fig.  4.  Detached  wing  of  Calotermta  maatlatuSf  Heer,  from  the  laas  of  Scham- 
belen, Switzerland  (copied  from  Heer's  "  Urwelt  der  Schweiz."). 

*  The  counterpart  of  this  very  beautiful  Lias  Insect  has  been  kindly  presented  to 
the  British  Museum  (Natural  History)  by  Montagu  Browne,  £s^.,  F.U.S.,  whoh#, 
placed  the  other  half  in  the  Leicester  Museum. 
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II. — The   LA3fPBOPHYBE8   OF   THE   NoRTH   OF   EnGLAMD. 

By  Alfrkd  Harkse,  M.A.,  F.6.S., 
Fellow  of  St.  John's  College,  Cambridge. 

fE  north-conntry  lamprophyres  occnr  usually  as  dykes  of  no 
great  magnitude,  sometimes  as  sills,  more  rarely  as  small 
iKMses  or  laccolites.  They  are  scattered  over  an  area  extending 
ibm  Teesdale  to  Fumess,  from  Bassenthwaite  to  Ingleton.  A 
circle  thus  defined  has  a  diameter  of  about  fifty  miles,  and  embraces 
nil  the  known  occurrences,  though  others  may  exist  beyond  these 
limits  concealed  by  post-Silurian  strata.  In  the  centre  of  the  circle 
it  the  Shap  granite,  and  the  probable  genetic  connexion  between 
the  lamprophyres  and  this  granitic  intrusion  has  already  been  urged 
by  Mr.  Marr  and  the  present  writer.  The  chief  grounds  for  such 
an  opinion  are  as  follows : — 

(i.)  The  arrangement  of  the  intrusions,  as  just  noticed,  and  the 
radial  grouping  of  the  dykes  in  the  central  part  of  the  area  about 
the  granite. 

(il)  The  common  age  of  the  intrusions,  so  far  as  can  be  fixed ; 
both  granite  and  lamprophyres  being  post-Silurian  but  pre-Carboni- 
feroQs,  and  both  being  connected  with  the  same  crust-movements. 

(iii.)  Certain  general  chemical  relations,  to  be  noticed  below ;  to 
which  may  be  added  some  special  chemical  characters,  such  as  the 
notable  quantity  of  manganese  in  the  granite  and  in  most  of  the 
dykes  analysed. 

(iv.)  The  special  mineralogical  resemblance  of  many  of  the  dykes 
to  the  Shap  granite,  shown  by  the  occurrence  in  them  of  charac- 
teristic minerals  such  as  sphene  (rarely  found  in  the  lamprophyres 
of  other  districts),  and  especially  of  the  well-known  porphyritio 
felspars  of  the  granite.  Some  of  these  points  are  brought  out  more 
strongly  by  comparing  the  lamprophyres  with  the  dark  basic  patches 
so  oommon  in  the  granite. 

(v.)  The  arrangement  of  the  different  varieties  of  lamprophyres, 
the  more  basic  and  characteristic  ones  occurring  especially  in  the 
outer  parts  of  the  area,  the  more  acid  varieties  and  those  having 
niost  in  common  with  the  granite  chiefly  in  the  central  tract.' 

(vi.)  The  close  association  with  the  lamprophyres  of  acid  in- 
trusions of  types  more  normal  for  apophyses  of  granites,  and  the 
existence  of  transitional  varieties  between  these  acid  rocks  and  the 
kmprophyres. 

Many  of  the  individual  rocks  have  been  described  by  different 
writers,'  and  it  will  be  sufficient  here  to  recall  some  of  the  more 
significant  characters  which   they  have   in  common.     The  typical 

'  It  may  be  remarked  here  that  the  lamproph>Te  of  Sale  Fell,  near  Bassenthwaite, 
irhich  is  of  a  somewhat  acid  variety,  may  possibly  have  had  a  quite  distinct  origin. 

*  Bonney  (analyses  by  Houghton),  Q.J.G.S.,  vol.  xxzv.  p.  165;  Rutley,  ibid, 
Tol.  xxxiv.  p.  29,  and  Mem.  Geol.  Surv.  Ingleborous^h  (97  S.W.) ;  Tate,  I'roc. 
Torks.  Geol.  Pol.  Soc.  vol.  ix.  p.  372,  vol.  xi.  p.  311,  and  Rep.  Brit.  Assoc,  for  1890, 
p.  814;  Hatch,  ibid.  p.  813,  and  Mem.  Geol.  Surv.  Mallerstang  (97  N.W.}; 
Baldenton.  <*  NatoraliBt,"  1889,  p.  131;  Harker  and  Marr,  Q.J.G.S.,  vol.  xlvii. 
p.  285 ;  Harker,  ibid.  p.  521 ;  tee  alio  Xeall,  ''  Brit  Petr.''  chap.  z. 
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lamprophyres  of  the  region  are  exceedingly  ridi  in  brown  mica, 
"^hich  sbows  a  characteristic  mode  of  alteration  bj  internal  bleaching 
"with  separation  of  magnetite  or  limonite;  often  also  the  interposition 
of  little  wedges  of  calcite  or  dolomite.  The  mica  is  often  accom- 
pli nied  bj  aiigite  in  well-formed  crystals  but  nsaally  quite  decomposed, 
ai>d  in  Uie  Sedbergh  district  Dr.  Hatch  records  pseudomorphs  after 
olivine.  Original  magnetite  may  occur  in  yariable  quantity,  but  in 
very  many  cases  is  entirely  wanting.  Apatite  in  fine  needles  is 
universal.  The  ground- felspars  include  both  monoclinic  and  triclinic 
species,  the  relative  proportions  of  the  two  not  being  a  character  of 
importance.  In  the  more  altered  rocks  the  felspars  are  not  to  be 
made  out  at  all,  unless  the  carbonates  have  been  dissolved  out  of 
the  mass.  Original  quartz  occurs  in  the  ground-mass  of  the  lampro- 
phyres  in  the  central  part  of  the  area  ouly  (the  Sale  Fell  intrusion 
being  excluded). 

Certain  porphyritio  elements  enclosed  in  the  general  mass  of  the 
rocks,  despite  their  insignificant  bulk,  are  of  the  highest  interest: 
they  are  quartz  and  felspars.  Quartz  is  found  in  some  abundance 
in  the  intrusions  very  near  the  Shap  granite ;  at  greater  distances 
it  occurs  only  sparingly  and  sporadically,  but  isolated  grains  are 
found  even  in  the  dykes  at  Cronkley  in  Teesdale.  In  the  acid 
sills  and  dykes  near  the  granite  the  mineral  forms  sharply -defined 
pyramidal  crystals,  in  the  transitional  varieties  of  rock  the  crystals 
are  more  or  less  rounded,  and  in  the  most  typical  lamprophyres  the 
quartz  occurs  in  rounded  blebs  rarely  showing  any  relic  of  crystal 
outline.  The  rounding  is  clearly  due  to  corrosion  by  the  enveloping 
magma,  and  the  blebs  are  commonly  bordered  by  a  narrow  pale- 
green  rim  of  rather  fibrous  hornblende,  converted  in  the  more 
decomposed  rocks  into  a  chloritoid  substance.  Isolated  quartz-grains 
with  a  corrosion-border  of  augite  or  hornblende  are  known  in  the 
lamprophyres  of  otber  districts,  and  have  usually  been  regarded  as 
mechanically  caught  up  from  the  walls  of  the  dyke.  Such  a  view 
seems  to  be  merely  an  d  priori  one,  based  on  the  improbability  of 
original  quartz-grams  occurring  in  basic  rocks,  and  we  shall  see  that 
the  facts  are  susceptible  of  a  dififereut  reading.  It  may  be  noted  in 
passing  that  similar  grains  of  quartz  with  a  corrosion-border  of 
augite  are  found  in  various  American  olivine-basalts,  and  are  clearly 
shown  to  be  original  constituents.* 

Very  similar  in  many  respects  are  the  phenomena  of  the  porphyritio 
felspars  in  our  rocks.  Both  orthoclase  and  oligoclase  are  found,  as 
in  the  Shap  granite.  In  the  dykes  and  sills  nearest  the  granite  these 
minerals  occur  plentifully ;  elsewhere  they  are,  as  a  mle,  sparingly 
distributed.  In  the  intrusions  in  the  Cross  Fell  inlier,  for  instance, 
an  ordinary  hand-specimen  may  show  perhaps  one  crystal,  perhaps 
none ;  in  Teesdale  the  felspars  are  absent,  but  near  Ingleton,  at  an 
e(|ual  distance  from  the  granite,  they  occur  in  some  of  the  dykes. 
Tlie  crystals  of  both  kinds  of  felspar  are  always  well  rounded  by 
corrosion  in  the  typical  lamprophyres,  less  markedly  so  in  the  more 
acid  varieties  and  the  transitional  rocks,  and  quite  intact  in  the 
^  Iddings,  Amer.  Joum.  Science,  vol.  xxxrii.  p.  208  (1888). 
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'^onnal  qnartz-porphyries.  Within  a  mile  of  the  Shap  granite  the 
^Ui  and  djkes  sometimes  enclose  large  flesh-ooloared  crystals  of 
^Hthoolase  identical  with  those  in  the  granite  itself,  but  more  or 
IflM  lonnded  as  in  the  dark  basic  patches  of  the  granite.  There  is, 
iMnrever,  a  significant  difference.  The  large  orthoclase  crystals  in 
the  dark  patches  of  the  granite  have  a  corrosion-border  of  plagioclase 
^d quartz:  in  the  lamprophyres  this  feature  is  not  found,  but  on 
the  other  hand  the  rounded  crystals  of  oligoclase  are  often  bordered 
"^h  orthoclase.  Tlie  enveloping  magma  was  in  the  former  case 
xioh  in  soda,  in  the  latter  case  rich  in  potash.  It  is  likely  that  in 
other  districts  special  mineralogical  relationships  exist  between 
lamprophyres  and  the  plu tonic  masses  near  which  they  occur,  but 
unfortunately  the  rocks  have  rarely  been  studied  from  this  point  of 
view.  Doss,^  in  describing  the  lamprophyres  of  Dresden,  remarks 
that  they  enclose  orthoclase  crystals  similar  to  those  of  the  well- 
known  PIauen*schen  Grunde  syenite,  but  rounded  by  corrosion,  and 
these  he  regards  as  mechanically  caught  up  from  the  syenite.  Since 
the  dykes  which  he  studied  actually  traverse  that  rock,  the  ezpla- 
Dation  is  of  course  a  possible  one,  but  it  does  not  appear  from  his 
description  that  the  crystals  have  the  form  of  broken  fragments,  and 
the  case  may  well  be  a  parallel  to  that  of  the  Westmoreland  rocks. 

Having  in  common  the  general  features  outlined  above,  the  north- 
ft>antry  lamprophyres  still  show  very  considerable  variations.  The 
nlica- percentage  in  Mr.  Houghton's  eight  analyses  ranges  from  60 
to  less  than  40,  that  of  the  Shap  granite  being  69.  The  figures  for 
the  more  basic  rocks  are  necessarily  unsatisfactory,  owing  to  extreme 
decomposition,  some  examples  having  nearly  30  per  cent  of  car- 
bonates. The  associated  acid  intrusives  and  transitional  varieties 
xxmr  well  characterized  in  the  centre  of  the  area  and  to  a  consider- 
ihle  distance  from  the  granite,  but  they  do  not  extend  so  far  as  the 
rue  lamprophyres.  They  are  well  developed  in  the  Cross  Fell 
olier ;  but  some  of  the  acid  rocks  there  are  not  demonstrably  ccm- 
ected  with  the  post-Silurian  intrusions,  and  are  possibly  Ordovioinn. 
n  the  Sedbergh  district  the  lampropliyres  and  the  acid  intrusives 
re  quite  distinct,  though  closely  associated,  and  Mr.  Strahan  remarks 
lat  the  former  intersect  the  latter.  Rosenbusch  makes  the  same 
Mervation  in  Alsace,  and  it  is  pix)bably  of  some  generality.  The 
vo  sets  of  rocks,  though  genetically  connected,  were  derived  from 
i&rent  portions  of  the  heterogeneous  parent-magma,  and  the 
meral  rule  appears  to  be  that  the  injection  of  the  quartz-porphyries, 
iorogranites,  eta,  slightly  antedated  that  of  the  lamprophyres. 
rhere  transitional  varieties  occur,  we  may  suppose  either  that  they 
ere  supplied  from  an  intermediate  portion  of  the  magma-reservoir, 
*  that  an  intermixture  of  the  acid  and  lamprophyric  magmas  took 
laoe  daring  the  injection.  The  striking  variability  of  the  rocks  in 
vme  localities  must  be  due  to  the  latter  cause,  for  in  some  cases  the 
immingling  of  the  two  magmas  has  been  very  incomplete.  A 
fke  near  Oill  Farm  exhibits  abrupt  transitions  from  quartz-por- 
hjry  to  lamprophyre,  such  as  arlmit  of  no  other  explanation  than 

>  Twh.  Min.  Mitth.  (2)  xi.  p.  27  (1890). 
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that  offered.  Again,  Mr.  Houghton's  analyses  of  two  rocks  from 
the  same  locality  on  Dooker  Fell  show  a  sharp  contrast,  their  silica- 
percentages  differing  hy  more  than  10.  Professor  Bonney  condadet' 
that  the  two  specimens  cannot  be  really  from  the  same  dyke,  but 
Mr.  Collins  in  his  analyses  of  Cornish  lamprophyres  shows  an  e^en 
greater  difference  between  two  specimens  taken  in  $iiu  from  one 
mass. 

A  few  words  on  lamprophyres  in  general  will  not  be  out  of  place 
at  this  point.  From  quite  early  days  such  rocks  as  minette  and 
kersantite  have  been  recogniased  as  interesting  types,  not  very 
sharply  divided  from  one  another,  but  collectively  occupying  a 
position  somewhat  apart  from  what  may  be  regarded  as  more  normal 
igneous  rocks.  It  is  true  that  the  principle  of  classifying  rocks 
by  a  mere  enumeration  of  their  constituent  minerals  has  led  some 
geologists  to  confuse  these  types  with  the  mica-bearing  syenites  and 
diorites ;  but  such  a  view  is  not  in  harmony  with  either  chemical 
relationships  or  geological  occurrence.  To  the  field-geologist  the 
rocks  in  question  have  always  been  known  as  charaoteristically 
"  dyke-rocks  ** ;  more  recently  they  have  been  shown  to  occur  also 
as  special  marginal  fades  of  certain  deep-seated  bodies  of  rock. 

Itosenbusch  (1887)  distinctly  recognizes  the  individuality  of  the 
group,  for  which  he  adopts  von  G limbers  name  lamprophyre.^  He 
points  out  its  peculiarities,  and  separates  from  the  two  types  already 
mentioned  two  others,  under  the  names  vosgesite  and  camptonite, 
in  which  the  dark  mica  is  more  or  less  replaced  by  hornblende  or 
augite.  He  makes,  however,  a  division  of  the  group  into  a  'syenitio* 
and  a  'dioritic*  family,  which  seems  to  be  quite  artificial.  It  is 
noteworthy  that  most  of  the  best  known  lamprophyres  are  found  in 
association  not  with  syenites  or  diorites,  but  with  granites.  A 
glance  over  Bosenbusch's  lists  of  localities  makes  this  fact  at  once 
apparent.  In  what  follows,  the  lamprophyres  will  be  regarded  not 
as  an  independent  group,  but  as  a  special  basic  modification  of  rocks 
of  the  normal  plutonic  series.  This  point  of  view  is  scarcely  a  novel 
one.  Thus  we  find  Hunter  and  Hosenbubch'  describing  as  a  new 
type  '*  monohiquite,  a  camptonitic  dyke-rock  associated  with  the 
elseol ite- syenites '*  of  Brazil  and  Portugal,  while  J.  F.  Williams' 
has  given  an  account  of  such  rocks  and  others  (fourchite  and 
ouachitite)  in  Arkansas,  and  has  demonstrated  their  genetic  relations 
with  the  elsdolite-syenites  of  that  state.  The  varied  series  of  rocks 
studied  by  Brogger  in  the  Christian ia  district  seem  in  several 
instances  to  run  to  lamprophyric  modifications,  and  we  may  expect 
much  light  to  be  thrown  on  the  subject  in  that  eminent  geologist's 
forthcoming  monograph. 

In  endeavouring  to  explain  the  multiplicity  of  igneous  rocks, 
and  the  evident  genetic  relations  between  widely  different  types, 
geologists  have  been  led  to  speculate  on  the  separation,  by  gravity 
or  otherwise,  of  a  large  reservoir  of  molten  magma  into  more  acid 

^  The  name  mica-trap  evidently  cannot  be  made  to  cover  all  the  types  here  included. 
«  Tsch.  Min.  Mitth.  (2)  vol.  xi.  p.  446. 
>  itep.  Geol.  Sunr.  Ark.  for  1890,  vol.  i. 
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md  leas  acid  portions,  which,  if  gniYity  be  ihe  oontrolling  egenti 
must  form  upper  and  lower  strata  within  the  reservoir.  There  oaa 
be  little  donbt  that  saoh  a  hypothesis  provides  a  vera  causa  for 
many  of  the  phenomena.  Now  if  we  compare  a  more  aoid  with 
a  more  basio  type  in  the  normal  series  of  igneous  rooks»  we  find 
eertain  chemioal  relations  to  hold  with  a  high  degree  of  generality. 
As  the  silica-percentage  diminishes,  the  proportion  of  iron-oxides 
increases  (especially  at  the  most  basic  end  of  the  series),  the 
magnesia  increases  steadily,  the  lime  increases  and  then  falls  off 
again,  the  total  alkalies  diminish,  and  the  proportion  of  potash 
to  soda  also  in  general  diminishes.  All  systematic  treatment  of 
ordinary  igneons  rocks  which  is  in  any  degree  '  natural '  (as  opposed 
to  Linnsaan)  is  tacitly  based  upon  these  general  laws. 

We  are  regarding  the  lamprophyres  as  basio  modifications  of 
various  plutonic  rocks,  and  it  is  easy  to  see  that  tested  by  the  above 
laws  they  are  abnormal,  the  exceptional  characters  being  found  in 
the  behaviour  of  the  alkalies.  This  appears  on  oomparing  the 
analysis  of  a  lamprophyre  with  that  of  the  plutonic  rock  with  which 
it  is  certainly  or  presumably  connected.  Tiike,  for  instance,  the 
biotite-granite  of  Durbach  in  the  Black  Forest,  and  the  remarkable 
lamprophyre  (the  durbaohite  of  Sauer^)  which  forms  a  marginal 
modification  of  it.    The  analyses  give — 

Silica.  Soda.  Potash. 

Granite     67-70      3-22      6*78 

Lamprophyre   ...    61*05      1*85      7*24 

showing  that  with  a  heavy  falling  off  in  silica  the  total  of  the  two 
alkalies  remains  closely  the  same  as  in  the  normal  rock,  while  the 
ntio  of  potash  to  soda,  instead  of  diminishing,  rises  from  1*79  in 
the  granite  to  3*91  in  the  lamprophyre.  Again,  the  quartz-bearing 
sogite-syenite  or  akerite  of  Kamnas  passes  at  its  margin  into  a 
Umprophyrio  rock,  and  the  figures  are  as  follows : ' — 

Silica.  Soda.  Potash. 

Akerite     58*48      6*62      3*06 

Lamprophyre   ...    46*40      4*81      3*84 

Here,  as  before,  the  total  alkalies  remain  nearly  the  same,  and  the 
nUio  of  potash  to  soda  increases  from  0*56  to  0*80.  The  aogite- 
minette  of  the  Plauen'sohen  Orunde  may  fairly  be  compared  with 
the  syenite  which  it  cuts  through,  and  the  results  stand  thus — 

Silica.  Soda.  Potash. 

Syenite     59*»3      2*44      6*67 

Lamprophyre   ...    60-81      1*01      7*01 

the  total  alkalies'  only  falling  from  901  to  8*02,  and  the  ratio  of 
potash  to  soda  rising  from  2*69  to  6*94. 

Judged  by  these  examples,  the  lamprophyres  would  seem  to  be 
special  basic  modifications  of  their  parent-rooks  in  which,  with  a 
greatly  diminished  percentage  of  silica,  the  total  alkalies  show  little 
change,  while  potash  becomes  more  abundant  at  the  expense  of 
>oda.    We  have  selected,  however,  cases  of  lamprophyres  in  the 

^  Mitth.  Gro^^herz.  Baden  Landes,  vol.  ii.  p.  268. 
'  Brogger,  Stftnitpeguiatitgange,  p.  49. 


204         A.  Barker— Lamgmpkyrt$  of  Kortk  of  Enghmi. 

closMt  ooDnexion  with  tiieir  pttneni-rockB ;  goii^  to  groAter  diilinoni 
we  find  tbe  total  alkalies  falling  off^  bat  still  far  in  exoea  of  the 
mmoants  proper  to  rocks  of  like  silica-peroentage.      Tbe  relaftioii 
between  tlie  two  alkalies  noticed  above  is  by  no  means  nniTentlly 
foand  in  the  laniprripbjres  (cf.  those  of  Cornwall),  bat  it  is  certainly 
Tery  common  and  characteristia     The  Shap  granite  has  8*22  per 
oent  of  alkalies.     In  Mr.  Hongfa ton's  eight  analyses  of  the  dyket 
the  figure  varies  from  1-^  to  4*52.     The  ratio  of  potash  to  soda  in 
the  dykes  ranges  from  9  51  to  0^3,  and  is  in  every  case  bot  one 
higher  than  the  ratio  in  the  granite  (I'd).     It  is  paiticiilarly  high 
in  the  mrjst  basic  of  the  lamprophyres. 

The  chemical  peculiarity  of  the  lamprophyres,  as  compared  with 
other  rocks  of  like  basicity,  consists  then  in  their  relatively  laigs 
content  of  alkalies,  and  in  particular  of  potash.  The  minendogical 
peculiarities  of  the  rocks  are,  of  course,  simple  conseqaences  of  this. 
Tlie  abundance  of  potash  enables  nearly  all  tbe  magnesia  and  iron- 
oxides  in  the  magma  to  be  built  up  into  brown  mica,  so  that  augite 
and  horublende  occur  only  as  minor  accessories,  and  original  free 
iron-ores  are  in  very  many  cases  not  formed.  A  large  part  of  the 
potaHli  l>eing  taken  up  in  the  mica,  it  follows  that  the  predominance 
of  orthoclase  or  plagioclase  among  the  ground-felspars  will  not  be 
related  in  any  very  simple  manner  to  the  proportions  of  the  two 
alkalies  in  the  bulk -analysis,  and  a  classification  of  the  rocks  based 
on  the  dominant  species  of  felspar  will  not  be  a  natural  one.  Farther, 
in  so  far  as  any  such  relation  holds,  tbe  plagioclase-rocks  will, 
broadly  speaking,  be  more  acid  than  the  orthoclase-rocks  derived 
from  a  Hirnilar  parent-magma.  It  may  be  noticed  in  the  analyses  of 
the  typical  European  rocks  that  tbe  kersantites  are  more  acid  than 
the  minettes.  Another  consequence  of  the  abundance  of  the  basic 
silicate  mica  in  the  ordinary  lamprophyres  is  that  free  quartz  is  often 
formed  in  rocks  with  not  much  more  than  50  per  cent  of  silica. 

If  the  more  ordinary  types  of  lamprophyres  are  to  be  regarded  as 
specialized  fades  of  granites  and  syenites — tbe  conclusion  to  which 
the  foregoing  remarks  tend — it  may  be  asked  whether  other  families 
of  plutonic  rocks  may  have  like  modifications  connected  with  them. 
A  few  peculiar  rocks  have  been  described  which  might  possibly  be 
oonHidered  in  such  a  light.  I  would  doubtfully  instance  Koch's^ 
olivine-mica  rock  forming  a  small  dyke  in  Kaltenthal  in  the  gabbro- 
district  of  Harzburg.  This  may  be  compared  with  the  immediately 
adjacent  gabbro  of  Ettersberg,  analysed  by  Streng,  as  being  con- 
ceivably a  lamprophyre  (in  the  extended  sense)  of  that  rock,  thus : — 

Silica.  Soda.  Potash. 

Gabbro      6009      .i....      1*39      0*88 

lamprophyre  P.. .    34-98      0*17      6*42 

Hore  the  large  quantity  of  potash  in  the  second  rock  is  very  striking. 
In  the  other  constituents  the  relation  of  the  rock  in  question  to  the 
gahhro  is  that  of  an  ordinary  ultrabasic  to  a  basic  type. 

Koturning  to  the  rocks  of  the  North  of  England,  the  question 
naturally   arises:    how  did  the  lamprophyric  magma  become  ab- 

^  Zeita.  deuta.  geoL  Oes.  toI  xU.  p.  163  (1889), 
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rormally  enriched  in  potash  as  compared  with  ordinary  basic  iegre- 
;ations  ?  On  this  point  some  suggestions  may  be  offered.  We  may 
magine  beneath  the  area  where  the  lamprophyres  are  now  exposed, 
»r  beneath  the  central  part  of  it,  a  deep-seated  reservoir  of  molten 
nag^ma  which  was  partially  separated  under  the  action  of  gravity, 
he  heavier  basic  portion  forming  the  lower  strata.  In  this  magma, 
18  it  cooled,  the  earlier  products  of  consolidation  crystallized  oat, 
he  most  important  of  the^e  early  products  being  the  large  crystals 
>f  orthoclase.  It  is  a  known  fact  that  felspar-crystals  will  sink 
)ven  in  a  basic  rock-magma,  and  thus  as  the  crystals  formed,  they 
Dust  have  accumulated  at  the  bottom  of  the  reservoir,  and  thus 
modified  the  total  composition  of  the  lower  basic  strata.  The 
xzamination  of  the  Shap  granite  proves  that  a  certain  portion  of  the 
joartz,  the  sphene,  and  especially  the  apatite  crystallized  out  before 
)r  simnltaneously  with  the  large  felspars,  and  these  too  would  sink 
<o  the  bottom.  The  felspars  and  quartz  have  been  dissolved  by  tha 
lasic  magma,  but  their  elements  would  not  be  redistributed  through 
ihe  whole  magma  in  the  reservoir,  except  in  so  far  as  the  dissolution 
)f  the  crystals  was  concurrent  with  their  accumulation.  The  process 
)f  solution  seems  to  belong  to  a  later  stage,  that  of  a  relief  of  pres- 
mre  when  the  injection  of  the  dykes  took  place.  Since  the  per* 
}hyritic  felspars  occur  plentifully  in  the  Shap  granite,  we  must 
(oppose  that  their  sinking  to  the  bottom  was  finally  arrested  by 
\  general  consolidation  of  the  magma,  or  at  least  a  certain  degree  of 
riscosity  in  any  part  which  remained  molten.  Subsequently  to  this 
Ame  a  partial  refusion  of  the  whole  and  the  intrusion  of  the  granite 
nto  its  present  position,  closely  followed  by  the  injection  of  the 
kcid  dykes  and  sills  and  almost  immediately  the  lamprophyres. 
rhe  diminutive  size  of  the  corroded  felspars  in  the  latter  rooks 
irobably  indicates  that  many  others  have  been  entirely  dissolved  in 
he  containing  magma,  and  this  solution  is  most  reasonably  referred 
0  the  epoch  of  the  injection  of  the  dykes.  It  corresponds  to  the 
'resorption  "  phenomena  in  the  intratelluric  hornblende  and  biotite 
if  many  andesites,  etc.,  effects  ascribed  to  the  relief  of  pressure  in 
he  process  of  extravasation  of  the  lavas.  Felspar-crystals,  as  has 
teen  stated,  are  found,  though  as  a  rule  sparingly,  in  some  1am- 
irophyres  at  a  considerable  distance  from  the  centre  of  the  area; 
)ut,  in  view  of  the  narrowness  of  many  of  the  dykes,  it  seems  pro- 
lable  that  their  transportation  has  been  in  some  measure  checked  by 
i  sifting  or  filtering  action. 

The  above  considerations  may  appear  very  speculative ;  but  in 
eality,  if  the  magma- reservoir  be  granted,  they  scarcely  go  beyond 
mown  facts.  If  some  such  hypothesis  be  found  satisfactory  in  the 
irea  considered,  it  may  possibly  have  a  wider  application.  Certainly 
he  association  of  mica-lamprophyres  with  porphyritic  granites  in 
luraerous  districts  is  rather  striking.  The  porphyritic  felspars, 
lowever,  must  not  be  regarded  as  essential.  All  that  is  requisite 
is  that  some  constituent  rich  in  alkali  sliould  crystallize  out  at  an 
sarly  stage  in  a  magma  more  or  less  separated  under  the  action  of 
gravity.      Such  constituent  may  be  in  different  cases  a  felspar,  a 


206        c/.  O.  Ooodchild — How  to  take  Impremom  of  Fomh. 

fBlspathoid  (leuoite,  sodalite,  eta),  or  a  mica,  and  there  may  or  xmcj 
tiot  be  any  undiBsoWed  relics  of  it  in  the  lamprophyre  as  finally 
oonsolidated. 

•  One  other  remark  may  be  made  in  conclusion.  In  rocks  con* 
taining  abnormally  large  proportions  of  potash  and  soda,  and  having 
at  the  same  time  plenty  of  alamina,  it  should  not  be  surprising  to 
find  occasionally  minerals  richer  in  alkali  than  the  felspars.  Now 
lit  Cronkley,  on  the  banks  of  the  Tees,  all  the  dykes  contain  a 
mineral  which  in  thin  slices  shows  hexagonal  or  quadmngular 
outlines,  with  a  dark  border  and  nucleus.  The  sections  have  no  very 
definite  action  on  polarized  light,  and  seem  to  be  more  or  less  com- 
pletely converted  into  obscure  decomposition-products.  Mr.  Rutley 
regarded  the  mineral  as  decomposed  garnet,  but  if  it  occurred  in  a 
phonolite  or  leucitophyre  it  would  probably  be  put  down  confidently 
as  nosean.  Without  expressing  an  opinion  on  this  point,  I  will 
observe  that  in  the  most  easterly  dyke,  where  the  mineral  in  question 
Is  most  abundant,  there  occurs  another  with  square  contour,  bright 
blue  colour,  and  single  refraction,  which  I  can  refer  to  nothing  bat 
haiiyne. 

m. — An  Impbovsd  Method  of  taking  Impressions  of  Fossils,  ktc« 

By  J.  G.  GooDCHiLD,  F.G.S. 

of  Her  Majestj*8  Geological  Survey ;  Lecturer  on  Palseontology  at  the  Heriok 

Watt  College. 

PALAEONTOLOGISTS  and  others  concerned  with  fossils  often 
have  need  of  some  method  of  taking  impressions  of  fossils, 
which  shall  at  the  same  time  be  simple  and  efficacious,  and  shall 
also  be  of  such  a  nature  as  not  to  cause  injury  of  any  kind  to  the 
original.  Many  different  processes  have  been  tried,  with  varied 
success.  The  following  method  has  stood  the  test  of  application  to 
a  wide  range  of  subjects,  and  has  answered  its  purpose  well  in  the 
hands  of  a  considerable  number  of  workers : — 

The  only  outfit  required  is  a  small  roll  of  thin  tinfoil  of  ordinary 
quality,  a  small  plate-brush,  neither  too  hard  nor  too  soft,  a  bottle  of 
shellac  varuish,  and  some  paraffine  wax,  with  a  night  light  or  some 
such  means  for  melting  it 

If  the  fossil  is  not  in  too  high  relief,  say  a  fossil  fish,  or  such 
a  plant  as  a  Coal-measure  fern,  all  that  is  needed  is  to  cut  a  piece 
of  foil  rather  larger  than  the  specimen,  then  to  press  it  gently,  with 
the  finger  tips  at  first,  into  all  the  larger  depressions,  beginning  at 
the  middle  and  working  outwards  towards  the  edge  all  round.  Then, 
keeping  the  fingers  extended  over  the  impression,  go  over  the  whole 
thing  with  the  plate-brush,  using  it  as  gently  as  possible,  and  with 
only  a  very  slight  lateral  movement.  After  a  few  seconds  treatment 
of  this  kind  an  almost  exact  counterfeit  of  the  fossil  will  appear-? 
even  some  of  the  very  finest  sculpturings  being  distinctly  visible  on 
the  upper  surface  of  the  foil. 

When  that  stage  is  reached,  the  foil  should  be  lifted  very  gently 
at  each  comer  so  as  to  free  it  from  any  projecting  or  undercut  points. 
Herein  lies  the  special  value  of  the  tinfoil  process,  inasmuch  as 
this  iuatenal  does  not  enter  the  andercut  parts  as  modelling  wax» 
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gntta  peroha,  etc.,  are  apt  to  do ;  consequently  when  the  tinfoil  is 
withdrawn  it  never  drags  away  part  of  the  fossil.  When  the  foil  is 
loosened  so  that  it  will  lift  off  easily,  it  should  he  gently  pressed 
back  again  with  the  hnish  so  as  to  make  it  resume  its  proper  shape. 
Then,  if  the  subject  is  tolerably  flat,  and  no  holes  have  been  torn  in 
the  foil,  it  may  be  lifted  off  at  onoe.  To  fix  it,  the  most  important 
part  of  the  process,  it  will  generally  suffice  to  pour  on  to  the 
impreaaed,  or  under,  side,  sufficient  shellac  varnish  (which  should 
be  of  a  consiBtenoe  between  that  of  cream  and  that  of  treacle)  to 
float  the  whole  sarfaoe.  This  should  not  be  distributed  by  means  of 
a  brush,  but  by  simply  taming  the  impression  about  until  the  surface 
is  covered  by  the  varnish.  In  a  few  minutes  this  will  be  dry  enough 
to  lay  by.  A  second  coating,  later  on,  will  render  it  quite  hard 
enough  to  stand  ordinary  handling  without  any  risk  of  altering  its 
fehape. 

Should  the  fossil  be  in  somewhat  higher  relief,  so  that  a  few  holes 
are  torn  in  the  foil,  the  best  mode  of  treatment  is  to  go  over  the 
upper  surface  of  the  "counterfeit"  with  a  thin  coat  of  melted 
paraffine  while  it  is  on  the  original.  The  wax  chills  at  once  into 
a  firm  mass,  and  the  foil  may  be  lifted  off  with  ease.  Then  the 
back  is  floated  with  varnish  as  before.  When  this  is  set,  all  that 
is  necessary  to  do  is  to  put  the  foil  into  water  sufficiently  hot  to 
melt  the  paraffine,  which  at  once  floats  off,  leaving  the  foil  quite 
bright,  as  before. 

Id  the  case  of  objects  in  very  high  relief  more  care  is,  of  course, 
required ;  but  the  process  answers  very  well  even  then.  Thanks  to 
the  courtesy  of  Dr.  Traquair,  I  have  been  enabled  to  make  tinfoil 
counterfeits  of  a  large  number  of  fossils  from  the  collection  in  the 
Edinburgh  Museum  of  Science  and  Art,  many  of  them  in  high  relief, 
by  this  process ;  and,  with  a  little  management,  have  been  able  to 
make  them  retain  the  form  of  the  original  perfectly,  by  coating  the 
inside  of  the  impression  with  cotton-wool,  and  flooding  this  with 
varnish  as  before. 

In  some  respects  impressions  made  by  this  process  are  even  better 
than  the  originals ;  for  the  metallic  lustre  of  the  tinfoil  causes  the 
light  to  be  reflected  from  the  salient  parts  of  the  copies  much  more 
strongly  than  from  the  originals.  Indeed,  when  the  part  of  the  foil 
representing  the  matrix  is  painted  a  dead  black,  I  find  it  much 
easier  to  draw. from  the  foil  impressions  than  from  the  originals. 

Another  advantage  presented  by  this  method  is  that  any  number 
of  copies  can  be  made  in  a  very  short  space  of  time ;  and  in  lecturing 
on  Palsdontology  in  Edinburgh,  I  am  able  in  the  majority  of  cases 
to  place  in  the  hands  of  each  student  a  reliable  copy  of  the  fossil 
1  am  describing,  and  in  this  way  he  is  able  to  make  more  satisfactory 
progress  than  would  otherwise  be  possible. 

Lastly,  as  Curator  of  a  Collection  embracing  nearly  twenty 
thousand  specimens  of  fossils,  I  am  occasionally  called  upon  to  lend 
out  specimens  for  description.  In  all  such  cases  my  plan  is  to  take 
a  careful  tinfoil  counterfeit  of  tlie  original  before  it  goes  out,  and 
ibis,  with  the  register  entry,  places  the  exact  nature  of  the  loan  on 
record  in  a  manner  that  leaves  nothing  to  be  desired. 
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IV. — On  the  Nature  and  Obigin  of  Earthquakk-Sounbs. 

By  Cha&lbs  Datison,  M.A.  ; 
Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

THE  sound -phenomena  accompanying  earthquakes  have  not  often 
been  made  the  subject  of  special  investigation ;  and,  con- 
Beqnently,  their  value  and  significance  may  have  been  somewhat 
underrated.  I  believe  that  much  remains  to  be  done,  that  many 
observations  must  yet  be  made,  before  the  problem  of  their  origin 
can  be  regarded  as  completely  solved ;  but  the  facts  already  known 
seem  to  me  suflScient  to  show  that  the  inquiiy  is  one  full  of  interest 
and  worthy  of  development  beyond  that  here  attempted. 

Nature  of  Earthquake-Sounds. 

1.  Character  of  the  Sound, — The  sound  is  sometimes  of  so  unnsntl 
a  character  that  it  is  difficult  to  descril>e  it  exactly,  but  generally  it 
more  or  less  resembles  one  of  the  following:  (1)  Thunder— e\ihet 
a  clap  or  a  prolonged  peal,  the  rolling  of  distant  thunder,  or  thunder 
when  it  dies  away  as  echoes  among  mountains.     (2)  The  rumbling 
of  passing  carriages,  wagons^  etc. — driven  mpidly  over  a  hard  road, 
over  pavement,  stones,  a  wooden  or  stone  bridge,  or  under  a  gate- 
way,  a   heavy   traction-engine   passing,   a   couch   or   heavy  chair 
dragged  across  the  floor  of  a  room  al)ove,  a  train  rapidly  approaching 
or  rushing  through  a  station,  the  jerking  of  a  train  brought  suddenly 
to  rest,  the  rumbling  of  wagons  laden  with  planks,  stones,  or  heavy 
casks.      (3)  I'he  firing  of  cannon — either  one  or  several  in  quick 
succession,  a  heav}'  and   well -sustained  fire  of  artillery,  a  distant 
cannonade.      (4)  An  explosion — a    blast   in   a  quarry,   a   colliery 
explosion,  the  blowing-up  of  a  magazine  or  powder-mine.     (6)  Ths 
fall  of  heavy  hodies — a  cartload  of  stones  suddenly  emptied,  a  heap 
of  rubbish  shot  down,  a  large  quantity  of  shingle  poured  on  to 
a  house-roof  from  a  great  height,  the  fall  of  houses,  snow  sliding 
down  the  roof  of  a  house  and  falling  on  the  ground,  an  avalanche  of 
snow,  the  fall  of  heavy  furniture,  a  signal-post  or  a  heavy  mattrass, 
a  cannon-ball  rolling  downstairs.      (6)    Wind — a  blast  or  sudden 
gust,  the  roar  of  wind  in  a  storm,  wind  among  trees,  the  suppressed 
roaring  of  wind  entering  a  gorge,  a  chimney  on  fire.     (7)  Miscel- 
laneous— a  hissing  noise  like  that  of  red-hot  iron  plunged  into  water, 
the   rushing  of  water,  the   cracking  of  a  wall,  a  door  violently 
slammed,  the  breaking  of  glass,  a  horse  loose  in  its  stall,  the  muffled 
rat-a-plan  of  heavy  side-drums,  a  burst  of  applause  in  a  room  over- 
head like  what  newspapers  call  "  loud  and  prolonged  cheering."  * 

In  a  few  cases  (the  breaking  of  glass,  for  example,  or  the  rustling 

'  This  list,  by  no  Tneans  an  exhaustive  one,  is  compiled  from  389  accounts,  obtained 
from  the  third  part  of  Mallet's  Catalogue  of  Recorded  Earthquakes  (Brit.  Assoc. 
Hep.  1864),  Meldola  and  White's  East  Anglian  Earthquake  of  1884,  and  the  notei 
communicated  to  me  by  correspondents  during  my  study  of  the  British  earthquake! 
of  the  lost  three  years.  Out  of  the  above  number,  comparisons  are  made  to  thundei 
in  97  cases,  to  the  passing  of  carriages,  etc.,  in  130,  the  firing  of  cannon  in  53, 
explosions  in  45,  the  fall  of  heavy  bodies  in  33,  wind  in  27,  and  to  Tarioos  soundl 
imder  the  last  heading  in  14  cases. 
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of  idnd  among  trees),  the  sound  is  a  comparatively  high  one;  but, 
most  frequently,  it  is  a  deep  rumbling  noiae,  Bometimea  perhaps  not 
very  mveh  above  the  lower  limit  of  audibility, 

2.  Variationa  in  Intensity  and  Fitch, — The  frequent  use  of  the 
^ords  "  rolling  "  and  "  rumbling  "  in  describing  earthquake-sounds, 
as  well  as  comparisons  to  thunder,  etc.,  shows  that  the  sounds  do 
'Vary  both  in  intensity  and  pitch. 

.  On  a  few  rare  occasions,  the  sound  is  said  to  begin  or  end  abruptly, 
the  intensity  being  at,  or  not  far  from,  its  maximum.  But  mont 
freqnently,  almost  invariably  I  believe  when  the  observation  is 
complete,  the  sound  begins  faintly ,  becomes  continually  louder,  and  then 
gradually  dies  away.  As  mi^irht  be  expected,  this  change  in  intensity 
is  most  marked  in  the  immediate  neighbourhood  of  the  epicentrum  ; 
near  the  limits  of  the  sound-area  it  is  hardly  perceptible,  and  the 
sound  there  resembles  closely  the  low  roll  of  distant  thunder. 

Beoords  of  variation  in  pitch  are  far  from  numerous.  The 
following  may  be  given  as  examples:  (1)  1791,  Nov.  27,  Lisbon. 
Two  shocks,  one  five  minutes  after  the  other.  The  second  and 
iDore  violent  shock  "  was  attended  with  a  hissing  noise  like  that  of 
i^-hot  iron  quenched  in  water,  and  ended  with  an  explosion  like 
the  report  of  cannon."*  (2)  1884,  April  22,  Essex.  At  SuramerhiU, 
about  1^  miles  N.W.  of  Colchester,  "suddenly  a  jingling  noise  was 
beard,  which  developed  rapidly  into  a  deep  underground  rolling 
iK>i8e."  The  beginning  of  the  sound  seems  to  have  preceded  the 
^[inning  of  the  shock,  and,  at  two  other  places  in  the  neighbour- 
hood, this  was  the  case.*  (3)  1890,  Nov.  15,  Beauly,  near  Inverness. 
"There  was  a  great  noise,  as  if  huge  quantities  of  shingle  were 
being  poured  upon  the  house-roof  from  a  considerable  height,  the 
Sound  deepening  to  that  of  heavy  artillery."  The  evidence  is  too 
Scanty  to  support  any  certain  conclusion,  but  it  seems  to  afford  some 
grounds  for  believing  that  the  sound  becomes  deeper  as  it  increases  in 
intensity;  in  other  words,  that  the  period  of  vibration  increases  with 
the  amplitude. 

Eelations  of  the  Sound  to  the  Shock. 

1.  With  regard  to  Time. — Professor  Milne,  in  an  interesting  "Note 
on  the  Sound  Phenomena  of  Earthquakes,"^  remarks  that  in  the 
majority  of  cases,  the  sound  precedes  the  shock  rather  than  follows 
it;  and  he  conjectures  that  the  sound,  when  it  does  follow  the 
shock,  may  be  an  independent  phenomenon.* 

In  order  to  determine  the  relative  frequency  of  the  different 
cases,  I  examined  the  accounts  given  in  the  third  part  of  Mallet's 
''Catalogue  of  Becorded  Earthquakes  "  (i.e.  those  occurring  between 
August  26,  1784,  and  the  end  of  1842),  in  which  the  time-relation 

^  Mallet,  Cataloene  of  Recorded  Earthquakes,  Brit.  Assoc.  Hep.  18.50,  p.  30. 

'  Meldola  and  White,  East  Anglian  Karthquake  of  1884,  pp.  55,  57,  68. 

'  Japan  Seismol.  Soc.  Trans,  vol.  ill.  pp.  63-62. 

*  There  can  be  no  doubt  that  this  is  frequently  the  case.  See,  for  instance, 
M.  Bonsangault's  paper,  **  Sur  les  detonations  constatees  pendant  les  tremblements 
de  tenre,"  Comptee  JRendus  (July  18,  1881),  vol.  93,  pp.  105-6;  also  Humboldt's 
Cosmoe  (Bohn's  edition),  vol.  i.  pp.  203-4. 
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of  the  soand  to  the  shock  is  definitely  stated.    There  are  in  all  423 
records.     The  sound  is  said  to  have 


Preceded  the  shock  in          100 

Accompanied  or  attended  it  in        807    ff 

Followed  it  in          9    „ 

Preceded  and  accompanied  it  in      2    ,, 

Accompanied  and  followed  it  in 2 

Preceded,  accompanied  and  followed  it  in 3 


»» 


It  must  be  admitted  that  the  phrase  "  accompanied  *'  or  "  attendecl,** 
singly,  is  a  very  vague  one.  As  a  general  rule,  it  only  means  that 
the  sound  was  heard  at  about  the  same  time  that  the  shock  was  felt ; 
hardly  ever,  perhaps,  that  the  beginning  and  end  of  both  sound  and 
shock  were  coincident  It  cannot,  then,  be  taken  to  exclude  cases 
in  which  the  sound  may  have  overlapped  the  shock  at  either  end  or 
both.  The  meaning  of  the  terms  "preceded"  and  "followed**  is 
less  ambiguous,  though  not  free  from  doubt.  But,  so  far  as  regards 
the  earthquakes  recorded  by  Mallet,  it  is  clear  that  the  beginning 
of  the  sound  must  have  preceded  that  of  the  sensible  shock  much 
more  frequently  than  the  end  of  the  sound  followed  that  of  the 
shock. 

Turning,  however,  from  these  earthquakes,  which  are,  as  a  rule, 
of  considerable  intensity,  to  shocks  ot*  slight  intensity  and  short 
duration — shocks,  for  example,  like  those  generally  felt  in  this 
country — it  will  be  found  that  the  comparative  rarity  of  subsequent 
sounds  is  not  so  strongly  marked.  In  studying  the  Inverness  eartli- 
quake  of  November  16,  1890,  I  received  definite  replies  to  the 
question  on  the  time-relations  of  the  shock  and  sound  from  64  places, 
with  the  following  results.*     The  sound  is  said  to  have 

Preceded  the  shock  at  20  places. 

Accompanied  it  at    ...        ...         ...        ...        ...  26     ,, 

Followed  it  at  ...        ...         ...         ...         ...  1      ,, 

Preceded  and  accompanied  it  at 6     „ 

Accompanied  and  followed  it  at      5     ,, 

Preceded,  accompanied  and  followed  it  at...        ...  7     „ 

In  the  other  British  earthquakes  which  I  have  studied  the  obser- 
vations on  this  point  are  less  numerous,  but  they  are  sufficient  to 
show  that,  in  certain  parts  of  the  disturbed  area  at  any  rate,  the 
sound  frequently  continues  to  be  heard  after  the  close  of  the  sensible 
shock. 

2.  Willi  regard  to  the  Maximnm  Intensity  of  the  Shock  and  Sound, — 
It  has  been  already  remarked  that,  in  British  earthquakes,  the  sound 
increases  in  intensity,  to  a  maximum,  and  then  dies  away.  Now, 
it  appears,  from  a  large  number  of  observations,  that  it  is  just  at  the 
moment  when  the  sound  is  loudest  that  the  principal  vibrations  are  felt. 

This  fact  was  noticed  fifty  years  ago  by  Mr.  David  Milne  (after- 
wards Milne-Home)  in  a  valuable  series  of  papers  on  the  earthquakes 
of  this  country.  In  summarizing  their  principal  features,  he  remarks 
that  there  appear  to  be  two  distinct  sensations,  a  tremor  and  a  violent 
blow  or  concussion,  the  latter  known  in  Comne  and  the  neighbour- 
hood as  the  "  thud.'*    "  The  tremulous  or  trembling  motion,"  he  says, 

'  Quart.  Joom.  Qeol.  Soc.  1891,  p.  623. 
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*  IS  always  perceived.  When  the  blow  occurs  it  is  generally  in  the 
^idst  of  the  tremors,  and  at  the  moment  that  they  are  the  most 
intense,  and  accompanied  with  the  loudest  noise."  ^ 

In  stodying  the  more  recent  British  earthquakes,  I  have  received 
many  observations  on  this  point,  of  which  the  following  examples 
SMJ  be  given:  (1)  The  epicentrum  of  the  Eintyre  earthquake  of 
Jnly  24, 1890,  was  a  few  miles  from  Cluchan :  at  which  place  the 
ahook  began  with  a  series  of  slight  tremors  lasting  for  twenty 
Moonds.  lliese  tremors  gradually  ^'increased  in  intensity  until  a 
vibration  was  felt  like  what  would  be  caused  by  a  heavy  stone 
&Iliog  from  a  very  great  height,"  and  this  vibration,  again,  was 
followed  by  tremors  lasting  for  five  seconds.  During  the  whole 
time  of  the  tremulous  motion  a  sound  was  heard  like  the  crashing 
of  falliug  stones,  and,  coincidently  with  the  principal  vibration,  a 
doll  "thud"  as  of  a  suppressed  explosion.'  (2)  In  nine  different 
toooants  of  the  Inverness  earthquake  of  November  15,  1890,  a 
nrnUar  phenomenon  was  described.  At  Boleskine,  for  instance,  an 
observer  "  heard  a  sound  as  if  a  heavy  train  was  approaching,  .... 
It  gradnally  got  louder  and  louder  until  it  seemed  to  go  right 
through  the  house,  shaking  the  pictures  and  china  ornaments  on 
^  walls."  (8)  Still  more  to  the  point,  perhaps,  is  a  remark  made 
hjan  observer  at  Boscastle  (Cornwall)  of  the  earthquake  felt  there 
on  March  26,  1891.  This  earthquake  consisted  of  two  distinct 
ihooks  separated  by  an  interval  of  a  few  seconds.  The  sound  was 
loQdest  just  at  the  times  when  the  shocks  were  felt,  and  continued, 
though  more  faintly,  during  the  whole  of  the  interval  between  them. 

A.  Relations  of  the  Sound  to  the  Distubbed  Abea. 

1.  Variations  in  the  Nature  of  the  Sound  and  in  its  Relation  to  the 
Shock  throughout  the  Disturbed  Area, — In  every  earthquake,  of  which 
*nfficiently  numerous  observations  have  been  made,  the  sounds  vary 
greatly  throughout  the  disturbed  area,  not  only  in  intensity,  but 
Also  in  character,  duration  and  relation  to  the  shock. 

In  the  great  Neapolitan  earthquake  of  1857,  so  ably  studied  by 
the  late  Mr.  Mallet,  the  sounds  were  heard  over  an  area  roughly 
elliptical  in  form,  its  longer  axis  being  directed  about  N.W.  and  S.E. 
All  the  observers  towards  the  northern  and  southern  extremities  of 
this  area  described  the  sound  as  "a  low,  grating,  heavy,  sighing 
rush,  of  twenty  to  sixty  seconds  in  duration,  some  thinking  that  it 
Was  also  a  sort  of  rumbling  sound,  but  with  none,  a  distinct,  well- 
defined  explosion,  or  several  in  succession."  Those  "  who  were 
situated  towards  the  middle  of  the  sound-area,  and  towards  its  east 
and  west  boundaries,  on  the  contrary,  very  generally  described  the 
wund,  as  something  of  the  same  character  as  to  tone,  but  with  more 
fumbling  ....  and  as  shorter  and  more  abrupt  both  in  commence- 
ment and  ending,  and  in  duration."' 

The  Inverness  earthquake  of  November  15,  1890,  was,  I  believe, 

>  Edinburgh  New  Phil.  Journ.  (1841),  vol.  xiii.  p.  261. 

'  Geol.  Mao.  (1891).  Vol.  VIII.  pp.  453-4. 

*  *The  Neapolitan  Earthquake  of  1857,'  vol.  ii.  p.  288. 
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v«u»«l  by  tbe  slip  or  a  fault  mnning  approximate!;  norlli-Mst  u 
•outb-west,  and  ha<)ing  to  tbe  uorth-weat,  the  elip  extemli 
pivbahly  over  a  horizontal  diatanoe  of  Beveral  miles,  and  b«i 
};reateat  towards  the  aouth-weat.  Now,  "  the  25  places  at  which  t 
Miunil  preceded,  or  preoeded  and  accompanied,  the  shook,  thoogh  i 
wnfined  to  any  one  part  of  the  disturbed  nrea,  are  mostly  sitiul 
in  the  district  north-east  of  the  epioentruni,"  while  five  of  tb«  . 
places  at  which  the  aound  followed,  or  accompanied  and  follow 
the  shock  are  "either  south-west  of  tbe  epioentmm,  or  close  to 
on  the  Hortli-west  side.  i.e.  just  where  tbe  intensity  is  greatest." 

2.  The  Ezlmt  of  (he  Sm«d-area  ia  independeml  of  Aat  of 
ViitUTbed  Area. — Humboldt,  in  his  "CoamOB,"  remarks  thai  " 
intensity  of  the  hollow  noise  which  generally  aooompaniee  an  ear 
quake  does  not  inorease  in  the  same  degree  as  the  force  of ' 
osoillations;"'  and  it  has  also  been  observed  that,  in  very  violi 
earthquakes,  the  sounds  are  confined  to  a  comparatively  small  • 
in  the  neighbourhood  of  the  epicentrum.  The  Neapolitan  earthqoi 
of  lHo7,  for  instance,  disturbed  the  whole  of  the  Italian  peniM 
Boiith  of  lat.  42°,  being  felt  nearly  as  far  as  Rome,  while  the  soni 
were  only  heard  within  an  area  containing  3300  square  miles  imi 
diately  surrounding  (be  epicentrum. 

Tlie  slighter  shocks  of  this  country  also  afford  good  examples, 
tbe  Enst  Cornwall  earthquake  of  October  7,  1889,  and  the  Inveni 
earthquake  of  November  15,  1890,  the  sounds  were  beard  at  ne> 
all  tbe  places  where  the  shocks  were  felt ;  though  it  is  of  oov 
possible  that  in  these  cases  the  coincidence  of  the  eound-area  < 
the  distin-hed  area  may  have  been  apparent  rather  than  real  ' 
Edinburgh  earthquake  of  January  18,  1689,  <]lslurbed  an  ellipt 
area,  about  30  miles  from  north  to  south,  and  26^  miles  from  t 
to  west ;  the  length  of  the  sound-area  was  about  25  miles  from  d( 
to  south,  its  breadth  cotild  not  Im  exactly  determined.  The  - 
turbed  area  of  the  Lancashire  earthquake  of  February  10,  1889, 
approximately  circular,  being  66  miles  from  north  to  south  and 
miles  from  east  to  west ;  the  sound-area  was  very  nearly  oiro< 
and  29  miles  in  diameter. 

Tliese  examples  are  sufBcient  to  show  that  the  extent  of  the  bod 
area  bears  no  constant  relation  to  that  of  the  disturbed  area,  i 
(general  rule,  we  may  say  that,  the  more  intense  the  earthqualte, 
less  is  the  ratio  of  tlie  extent  of  the  sound-area  to  that  of 
disturbed  area;  but  this  is  by  no  means  always  true. 

The    limiting    case,   in    which   sounds   are   heard   without 
perceptible  shock,  is  one  of  which  records  are  frequent,     Oni 
the  most  remarkable  is  that  described  by  Humboldt  in  his  "  Coam 
where  he  refers  to  the  subterranean  thunderings  {bramtdot  jf  lr% 

I«rroHeo»)  of  Quanaxuato  on  the  Meiiosn  plateau.  "The  noi 
Bays,  "be^ti  about  midnight,  on  the  9th  of  January,  ]' 
^Winliuued  fir  a  month From  the  13th  to  the  16t! 
jury,  it  neemed  to  the  inhabitants  as  if  heavy  clouds  lay  beo' 
r  feet  fi-om  which  issued  alternate  slow  rolling  sounds  and  s 
^ »  ToL  i.  p.  a03. 
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quick  claps  of  thuDder.     The  noise  abated  as  gradually  as  it  bad 

bejj^UD.     It  was  limited  to  a  small  space,  and  was  not  beard  in  a 

Inndtic  district  at  the  distance  of  a  few  miles."     "  Neither  on  the 

MirfiBtoe  of  the  earth/'  be  adds,  "  nor  in  mines  1600  feet  in  depth  was 

tiw  slightest  shock  to  be  perceived."  ^ 

The  following  accoonts  throw  additional  light  on  the  subject: 
(1)  At  East  Haddam,  Conn.,  U.S.A.,  on  May  16,  1791,  at  8  p.m., 
two  shocks  were  felt  in  quick  succession,  of  which  the  first  was 
tbe  more  violent  Soon  after,  these  were  followed  by  a  third  and 
slighter  shock,  and  this,  again,  by  nearly  one  hundred  feebler  shocks 
tbroufrhout  the  night  "  Subterranean  noises  are  constantly  heard  at 
East  Haddam,  whence  its  Indian  name,  Morehemodus,  or  the  place 
of  noises.  After  this  shock,  both  noises  and  shocks  became  less 
frequent"  In  several  cases  noises  were  heard  about  this  time 
nnacoompanied  by  any  shock.  (2)  In  Piedmont,  on  April  2,  1808, 
at  5.43  p.m.,  an  earthquake  of  intensity  YllL,  according  to  the 
Bottj.Forel  scale,  was  felt,  its  centre  of  disturbance  having 
apparently  been  at  Pignerol.  This  was  followed  by  a  large  number 
of  slighter  shocks  (Mallet  records  about  300)  until  July,  1809, 
after  which  they  became  less  frequent.  At  Barga,  La  Tour  and 
other  places  in  the  district,  subterranean  noises  were  often  heard 
without  any  accompanying  shock.  (3)  In  the  island  of  Meleda,  in 
the  Adriatic,  noises  were  heard  during  a  still  longer  period,  from 
Marob,  1822,  to  February,  1825.  Mallet  remarks  that  they  '*  do  not 
aoem  to  have  been  accompanied  by  any  true  earthquake  shocks,  or, 
at  least,  any  such  felt  were  extremely  slight ; "  but,  according 
to  Hamboldt,  they  were  "occasionally  accompanied  by  shocks." 
(^)  At  St  Jean-de-Maurienne  (in  Savoy)  and  the  surrounding 
district,  49  principal  shocks  were  felt  between  October  4  and 
December  28,  1839,  "and  many  more  indistinct  ones  which  were 

Dot  recorded They  were  generally  preceded  or  accompanied  by 

subterranean  noise,  and  sometimes  this  noise  was  heard  without  any 
sensible  shock."  (6)  On  October  3,  1839,  a  remarkable  series  of 
shocks  commenced  at  Gomrie,  in  Perthshire.  '*  The  shocks  were  in 
general  very  slight,  but  sometimes  rather  severe,  and  were  generally 
accompanied  by  subterranean  noises,  variously  described  as  like 
distant  thunder,  the  reports  of  artillery,  the  sound  of  a  rushing 
wind,  etc.  The  noise  ....  was  often  heard  without  any  sensible 
shook  at  the  time."  It  would  appear  from  these  examples  that 
i^hltrranean  sounds  without  any  accompanying  earthquake  especially 
^raeterise  those  districts  where  slight  shocks  are  very  frequently 
filt,  as  if  the  sounds  and  shocks  were  mani Testations,  differing  only 
in  degree  and  the  method  in  which  we  perceive  them,  of  one  and 
the  same  class  of  phenomena.* 

*  Vol.  i.  p.  206-6. 

*  Mallet  t  Catalogue  of  Recorded  Earthquakes,  Brit.  Assoc.  Rep.  1854,  pp.  28, 
81,68-84,  138,  162,  162,  166,  288,  290 ;  Humboldt's  Cosmos,  vol.  i.  p.  206,  foot- 
^te.  Posriblj  also  of  seismic  ormn  are  the  phenomena  known  as  the  BarisCil  Guns, 
"  Boonds  lesembling  the  fire  of  heavy  cannun  at  a  distance,  which  are  heard  at 
v&noQs  points  in  the  Delta  of  the  Oanges  and  Brahmaputra,  and  in  the  hilis  to  the 
north  of  it"  (Brit  Assoc.  Rep.  1891). 
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On  the  other  hand,  there  is  the  well-known  instance  mentioned 
by  Humboldt,  of  no  sounds  at  all  being  heard  during  a  very  violent 
earthquake.  "I  have  ascertained  with  certainty,"  he  says,  "that 
the  great  shock  of  the  earthquake  of  Riobamba  (4t.h  February,  1797) 
— one  of  the  most  fearful  phenomena  recorded  in  the  physical  history 
of  our  planet — was  not  accompanied  by  any  noise  whatever;"  and 
again,  later  on,  speaking  of  the  same  shock,  he  says :  "  The  earth- 
quake itself  was  neither  accompanied  nor  announced  by  any  sub- 
terranean noise."  *  This  is  the  only  example  I  know  of,  and  it  is 
obvious  that  a  satisfactory  theory  of  earthquake-sounds  must  account 
for  the  commonness  of  the  one  extreme  case  and  the  rarity  of  the 
other. 

B,  3.  The  Sound-area  is  not  necesaarily  concentric  with  the  Disturbed 
Area,  —  The  excentricity  of  the  sound-area  is  one  of  the  most 
important  phenomena  connected  with  earthquake-sounds,  and  it  was 
the  recognition  of  tliis  in  the  cases  of  the  Edinburgh  aqd  Lancashire 
earthquakes  of  1889  that  led  to  the  theory  explained  in  the  latter 
part  of  this  paper.  I  will  here  give  a  short  outline  of  the  principal 
facts,  referring  for  a  fuller  description  of  the  sound  and  other 
phenomena  of  these  shocks  to  my  paper,  "On  the  British  Earth- 
quakes of  1889."* 

Edinburgh  earthquake  of  January  18,  1889. — The  epioentrum  is 
situated  about  3  miles  W.  42°  S.  of  Balemo,  and  the  centre  of  the 
sound-area  about  2^  miles  to  the  south  or  south-east  of  the  epi- 
oentrum.    Both  points  lie  on  the  north-west  or  downthrow  side  of 
the  first  of  the  great  faults  to  the  north-west  of  the  axis  of  the 
Pentlands ;  and  it  is  very  probable  that  the  earthquake  was  due  to 
the  impulsive  friction  arising  from  a  slight  slip  of  this  fault  at  a 
spot  not  far  from  the  middle  of  its  course  as  laid  down  upon  the 
Survey  map,  a  slip  which  increased  the  throw  of  the  fault.     The 
centre  of  intensity  of  the  seismic  focus  was  probably  at  a  point  on 
the  fault  at  the  depth  of  about  eight  miles.     The  simple  character 
and  short  duration  of  the  earthquake  show  that  the  horizontal  length 
of  the  area  over  which  the  slip  took  place  was  not  great,  perhaps  not 
more  than  a  mile.     Now,  the  centre  of  the  sound-area  is  close  to 
the  line  where  the  fault  meets  the  surface,  nearer  to  it  by  about 
2J  miles    than    the  epicentrum ;   and    this  shows   that   the   sound* 
vibrations  must  have  chiefly  proceeded  from  a  part  of  the  focus  nearer 
the  surface  than  did  the  vibrations  of  larger  amplitude  which  caused 
the  shock  itself 

Lancashire  earthquake  of  February  10,  1889. — The  epicentrum 
of  this  earthquake  is  about  two  miles  N.N.E.  of  Bolton,  and  on  the 
north-east  or  downthrow  side  of  the  great  Irwell  valley  fault. 
About  3^  miles  S.S.W.  of  the  epicentrum,  and  apparently  at  a  short 

*  Cosmos,  vol.  i.  p.  203,  and  toI.  t.  p.  172.  Mallet,  in  his  Catalogue,  occasion- 
allv  indicates  an  earthquake  as  having  been  unaccompanied  by  sound,  but  it  is  not 
certain  tliat  his  observations  were  drawn  from  a  large  part  of  the  disturbed  area. 
Prof.  Milne  states  that  sounds  are  not  often  heard  during  the  Japanese  earthquakes, 
but  many  of  these  earthquakes  originate  under  the  sea,  and  the  places  where  tney  are 
observed  in  Japan  may  possibly  be  outside  the  sound-areas. 

'  Geol.  Mao.  (1891),  Decade  III.  Vol.  VIH.  pp.  57,  306,  364,  and  460. 
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distance  on  the  upthrow  side  of  the  same  fault,  is  the  centre  of  the 
looDd-area;  but  its  position  cannot  be  determined  with  any  great 
accaracy,  for  I  know  of  no  places  where  the  sound  was  certainly 
not  heard.  The  evidence  obtained  is,  I  believe,  sufficient  to  show 
that  the  earthquake  was  caused  by  a  slip  of  the  fault  referred  to, 
the  slip  being  one  that  increased  its  throw ;  that  the  centre  of 
intensity  of  the  seismic  focus  was  at  a  depth  of  about  3^  miles ; 
that  the  horizontal  length  of  the  area  over  which  the  slip  took  place 
was  short,  perhaps  less  than  a  mile.  Remembering  the  uncertainty 
in  the  position  of  the  centre  of  the  sound-area,  I  think  we  may  infer 
that,  in  this  earthquake  also,  the  sound- vibrations  originated  at  a 
part  of  the  fault  nearer  the  surface  than  the  centre  of  the  seismic 

f0CU8« 

C,  Origin  of  Eabthquakb-Sounds. 

Within  the  last  few  years,  the  numerous  seismographic  records 
nuuie  in  Japan  by  Profs.  Milne,  Ewing  and  Sekiya  have  thrown 
considerable  light  on  the  nature  of  earthquake-vibrations.  It  is 
chiefly,  however,  that  part  of  the  series  including,  and  bordering 
on,  the  sensible  vibrations  which  has  been  studied :  for,  as  Prof. 
Milne  remarks,  "many  earthquakes,  like  the  solar  spectrum,  have 
Bxtremities  which  are  difficult  to  investigate." 

The  records  referred  to  show  that  earthquakes  usually  begin  with 
iSeries  of  very  small  and  very  rapid  tremors,  from  six  to  eight 
!>ccurring  every  second  ;  that,  after  lasting  perhaps  for  many  seconds, 
fhey  become  less  rapid,  and  then,  without  any  break  of  continuity, 
follow  the  sensible  vibrations  of  larger  amplitude  and  longer  period, 
^^  the  rate  of  about  three  to  five  per  second.  One  or  more  of  these, 
staining  an  amplitude  still  greater  and  having  a  period  of  one 
>r  two  seconds  each,  constitute  what  are  generally  known  as  the 
>rincipal  shock  or  shocks.  The  earthquake  closes  with  vibrations 
>f  smaller  amplitude,  but  "  which  are  so  long  in  period,  that  the 
winters  and  steady  points  of  our  seismographs  do  not  give  a  relative 
noveraent,  but  follow  these  back  and  forth  movements  as  a  whole, 
nd  no  record  is  obtained."  On  the  other  hand,  they  fail  to  register 
I'e  commencing  tremors  of  the  earthquake  on  account  of  their  ex- 
remely  small  amplitude. 

Now,  for  the  part  of  the  series  preceding  and  including  the 
'rinoipal  shocks,  the  period  of  the  vibrations  increases  with  the 
raplitude;  and  it  is  therefore  not  unreasonable  to  conclude,  as 
rof.  Milne  has  done,  that  the  first  tremors  recorded  are  *'  the  con- 
inuation  of  still  smaller  and  more  rapid  movements,  which  on 
ccount  of  want  of  sufficient  multiplication  in  our  instruments  have 
ever  yet  been  rendered  visible."  And  it  is  to  these  supposed  very 
*pid  vibrations,  which  form  the  front  portion  of  an  advancing  earth- 
'»ake,  that  Prof.  Milne  attributes  the  origin  of  the  earthquake-sounds, 
umming  up,  he  says:  "The  majority  of  earthquake-sounds  are 
foduced  by  short  period  surface  vibrations  of  the  earth  and  these 
ihrations  are  portions  of  and  continuous  with  the  earthquake  that 
ccompanies  the  sound."  * 

1  Japan  Seismal  See.  Trans,  vol.  xii.  pp.  107  and  60. 
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Thronghout  the  remainder  of  this  paper,  I  shall  conclude  that 
Prof.  Milne's  observations  do,  as  he  suggests,  imply  the  existence  of 
preliminary  vibrations  short  enough  in  period  to  give  rise  to  the 
phenomena  of  earthquake-sounds ;  and  I  shall  endeavour  now  to 
show  how  these  vibrations  originate,  and  at  the  same  time  to  account 
thereby  for  the  different  sound-phenomena  described  above. 

To  give  definiteness  to  the  theory,  I  shall  take  the  case  of  an 
earthquake  produced,  as  I  believe  most  non-volcanic  earthquakes 
are  produced,  by  the  friction  due  to  the  slipping  across  one  another 
of  the  two  rock-surfaces  of  a  fault. 

ITie  seismic  focus,  or  slip-area,  may  be  of  very  considerable 
dimensions,  sometimes  fifty  miles  or  more  in  length.  The  intensity 
of  a  shock  does  not,  however,  depend  so  much  on  the  size  of  a 
slip-area  as  on  the  maximum  amount  and  short  duration  of  the  slip. 
Now,  it  is  evident  that  the  amount  of  the  slip  must  vary  greatly 
thronghout  the  slip-area,  but  it  will  be  sufficient  to  consider  only 
the  simplest  case,  that  in  which  the  amount  of  slip  is  a  maximum 
in  a  certain  central  region,  and  diminishes  gradually  until  it  is  zero 
along  the  margin  of  the  seismic  focus ;  though  the  faces  of  a  fault 
not  being  smooth  planes,  there  will  probably  be  several  or  many 
such  regions  of  maximum  slip.^ 

Now,  since  up  to  a  certain  point  the  period  of  a  vibration  increases 
with  its  amplitude,  and  since  the  initial  amplitude  of  the  vibrations 
must  depend  on  the  amount  of  slip  producing  them,  there  will,  from 
all  parts  of  the  slip-area  considered,  proceed  vibrations  varying,  not 
only  in  amplitude,  but  also  in  period ;  and  along  the  borders  of  the 
slip-area,  where  the  fault-slip  dies  away,  these  vibrations  may  be 
small  enough,  and  consequently  rapid  enough,  to  produce  the 
sensation  of  sound.  I  imagine,  then,  that  the  aoimd-phenomena  ae* 
eompanying  earthquakes  are  produced  by  the  minute  vibrations  coming 
chiefly  from  the  upper  and  lateral  margins  of  the  slip-area. 

For  brevity,  1  will  give  the  name  of  the  "  sound-focus "  to  that 
part  of  the  slip-area  or  seismic  focus  from  which  the  sound- 
vibrations  come. 

The  boundary-line  between  the  sound-focus  and  the  rest  of  the 
seismic  focus  is  not  a  definite  line.  Its  position  varies  with  the 
lower  limit  of  audibility  of  each  observer,  so  that  at  exactly  the  same 
spot  two  observers  might  differently  estimate  the  duration  of  the 
sound.  But,  neglecting  for  our  present  purpose  this  personal 
equation  in  the  observers,  it  is  evident  that  the  position  of  the 
boundary-line  referred  to  depends  only  on  the  position  of  the  points 
on  the  slip-area  at  which  the  amount  of  slip  is  just  small  enough  to 
produce  vibrations  which  may  be  heard,  that  it  is  independent  of 
the  maximum  amount  of  slip  within  the  seismic  focus.  Now,  other 
conditions  being  the  same,  the  dimensions  of  the  sound-area  are 
determined  by  the  intensity  of  the  vibrations  which  are  jost  per- 
ceptible as  sound,  and  those  of  the  disturbed  area  by  the  maximum 

*  The  rumbling  or  rolling  character  of  the  sound,  though  arising  partly  no  doubfc 
from  interference,  may  also  in  part  be  due  to  the  eiistence  of  several  regions  of 
maximum  slip. 
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intensity  of  the  initial  earthquake- vibrations ;  and  therefore  Hm 
extent  of  the  sound'area  must  be  itidependent  of  that  of  the  disturbed 
area. 

It  is  possible  that  from  the  lower  margin  of  the  slip-area  sound- 
▼ibrations  may  proceed;  but,  so  far  as  regards  the  sounds  heard 
at  the  surface,  the  vibrations  proceeding  from  the  upper  and  lateral 
margins  must  be  most  perceptible.  The  centre  of  intensity  of  tlie 
Bound-foous  must  therefore,  as  a  rule,  be  within  the  upper  margin 
of  the  seismic  foons,  i.e.  the  sound-nrea  ie  not  concentric  with  the 
disturbed  area,  and  the  centre  of  the  former  is  nearer  to  the  fault' 
line  than  the  centre  of  the  latter. 

Throughout  the  greater  part  of  the  sound-area,  the  vibrations  first 
perceived  must  be  those  from  the  upper  or  lateral  margin  of  the 
seismic  foous,  i.e.  the  beginning  of  the  sound  must  generally  precede 
the  beginning  of  the  shock.  There  will,  however,  be  a  small  part  of 
the  disturbed  area,  that  immediately  surrounding  the  point  whore 
the  normal  to  the  slip-area  meets  the  surface,  where  the  shock  may 
be  felt  first :  unless,  indeed,  the  fault-slip  does  not  take  place 
instantaneously,  but,  commencing  very  slowly,  initiates  a  scries  of 
short-period  vibrations  from  the  whole  slip-area  before  the  true 
earthquake  vibrations  are  produced.  In  this  case,  however,  the 
exoenlrioity  of  the  sound-area  would  be  hardly  perceptible. 

At  most  places  within  the  sound-area,  then,  the  sound  will  be  first 
beard,  due  to  vibrations  proceeding  from  the  nearer  lateral  margin 
of  the  seismic  focus.  The  sound  will  become  gradually  louder  niid 
dee|)er  until  its  intensity  is  a  maximum,  the  vibrations  then  coining 
from  the  boundary-line  between  the  sound-focus  and  the  re»t  of  the 
seismic  focus.  Soon  after  this,  the  sensible  sliock  will  be  felt, 
due  U)  vibrations  proceeding  from  that  part  of  the  focus  where  tlui 
amount  of  slip  is  greatest,  the  sound  continuing  for  all  or  part  of 
the  time,  owing  to  the  arrival  of  vihrjitions  from  the  upper  margin 
of  the  slip-area.  And,  lastly,  after  the  sensible  shock  ceases  to  he 
felt,  will  l>o  heard  the  sound  coming  from  the  further  lateral  margin 
of  the  slip- area,  provided  that  margin  be  not  too  distant,  the  sound 
becoming  higher  as  it  dies  away. 

In  the  neighbourhood  of  the  boundary  of  the  sound-area,  the 
sound- vibrations  from  the  further  lateral  margin  of  the  seismic  foeus 
will  })e  imperceptible,  and  the  sound  will  be  heard  only  preceding, 
or  prece<ling  and  accompanying,  the  shock  ;  and  this  may  in  part 
account  for  the  comparative  rarity  of  the  records  of  the  subsequent 
sound-phenomena. 

Again,  in  most  British  shocks,  the  part  of  the  focus  from  whieh 
the  sensible  vibrations  come  is  of  small  magnitude,  so  that  only  one 
or  tuoo  principal  vibrations  are  produced^  and  these  are  felt  just  at  the 
time  when  the  sound  is  loudest. 

If  the  sound- vibrations  first  or  last  perceived  be  those  which  come 
from  the  bounclary  between  the  sound-focus  and  the  roKt  of  the 
seismic  focus,  the  sound  will  begin  or  end  abruptly.  But  observa- 
tioiiH  of  such  a  phenomenon  must  he  rare. 

The  different  relations  between  the  dimensions  of  the  sound-area 
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and  the  disturbed  area  may  be  attributed  to  variatious  in  the  arooant 
of  Blip  throughout  the  seismic  focus.     (1)  If  the  aroouDt  of  slip  be 
everywhere  very  small,  the  sound-focus  may  occupy  the  whole  of 
the  slip-area,  and  thus  sound  may  be  the  only  phenomenon  per- 
ceptible at  the  surface  to  the  unaided  senses,     lliis  seems  to  have 
been  frequently  the  case  amongst  the  series  of  small  slips  which 
produced  the  numerous  slight  shocks  at  Comrie,  Pignerol,  and  elw- 
where.     (2)  If  the  soimd- focus   occupy  nearly  the  whole  of  the 
slip-area,  the  amount  of  slip  in  the  rest  of  it  being  small,  but  still 
great  enough  to  produce  a  slight  shock,  then  the  sound-area  and  the 
disturbed  area  might  be  approximately  co-extensive,  or  the  sound- 
area  might  in  places  entirely  overlap  the  disturbed  area.     (3)  But 
very  frequently,  especially  in  the  more  pronounced  seismic  areaSi 
the  maximum  amount  of  slip  within  the  seismic  focus  will  be  so 
great   that   the  disturbed   area  will   be   large  compared  with  the 
sound-area,  and,  in  severe  earthquakes,  will  extend  far  beyond  it 
(4)  Lastly,  the  slip  might  take  place  suddenly,  and  its  amount  be 
so   great,  that   the  sound-focus    might   be   confined  to  the  lateral 
margins  of  the  slip-area.     The  slip  would  then  extend  up  to  the 
surface  of  the  earth,  and,  if  great  enough,  might  be  traceable  there 
as  a  difference  of  elevation  on  the  two  sides  of  the  fault-line;  the 
sound-area  would  consist  of  two  detached  portions  at  some  distance 
from    the   region   of  maximum  disturbance,  and   the   sounds  con* 
sequently  might  escape  observation  and  record. 

But  while  earthquakes  of  such  extreme  intensity  are  very  unusual, 
very  slight  slips  must  frequently  take  place ;  so  that  earthquake- 
sounds  without  an  accompanying  shock  should  be  of  far  more 
common  occurrence  than  earthquakes  without  attendant  sounds. 


V. — Notes  on  the  Ash- slates  and  other  Rocks  of  the  Lake 

District. 

By  W.  Maynard  Hutchinos,  Eaq. 
[Concluded  from  page  161.) 

TAKING  the  other  and  coarser  constituents  of  such  slates  as  are 
not  wholly  made  up  of  the  fine  "base," — the  constituents  which 
may  be  spoken  of  as  *'  porphyritic," — the  lapiUi  vary  very  greatly  in 
number  and  distinctness.  In  a  large  part  of  the  roofing-slates  they 
are  either  no  longer  discernible  at  all  or  are  so  exceedingly  faded 
and  blurred  as  to  be  just  barely  recognizable,  often  as  patches 
altered  to  chlorite,  or  chlorite  and  calcite,  in  which  the  felspar-laths 
of  the  original  andesitic  ground-mass  may  still  be  seen  comparatively 
little  altered.  In  cases  where  there  is  reason  to  suppose  that  the 
lapilli  were  largely  of  more  basic  nature,  this  almost  complete 
alteration  of  them  is  observed,  as  might  naturally  be  expected. 

In  other  cases  the  crushing  and  rolling-out  of  the  rock  has  sufficed 
to  obliterate  all  traces  of  original  fragments  of  whatever  sort.  On 
the  other  hand,  there  are  many  slates  in  which  lapilli,  in  great 
abundance,  are  still  so  perfectly  preserved  as  to  exceed  in  freshness 
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Tnofitof  the  andesites,  etc.,  which  can  be  collected  in  situ.  Even  in 
Bome  cases  where  the  slates  are  most  highly  cleaved,  and  the  ''base" 
and  Bome  of  the  other  oonstitaents,  as  chlorite  and  calcite,  are  drawn 
into  streaks  often  flowing  round  the  still  angular  lapilli,  these  latter 
BaTe  almost  wholly  escaped  mechanical  damage.  In  these  cases  of 
Btrikingly  good  preservation  basic  lapilli  are  absent.  The  slates 
fe>m  Mosedale  quarry  have  already  been  mentioned  as  offering 
beantiful  examples  of  well-preserved  lapilli,  and  equally  good  ones 
are  seen  at  other  plaoes. 

It  is  to  be  noted  that  though  rhyolite  is  exposed  in  comparatively 
few  localities  in  the  district,  it  is  more  or  less  represented  in  almost 
every  specimen  of  slate  in  which  the  lapilli  are  still  distinct.  This 
freqnent  ocourrence  of  rhyolite  in  the  fragmental  rocks  of  the  Lake 
IHstrict  has  been  noticed  also  by  Barker  and  Marr  (On  the  Shap 
Granite,  etc.,  Quart.  Journ.  Geol.  Soc.  vol.  xlvii.  1891). 

In  addition  to  volcanic  lapilli,  many  of  the  slates  and  tuffs  show 
alto  the  presence  of  fragments  of  sedimentary  rocks,  presumably 
broken  through  and  ejected  by  the  explosive  eruptions.  I  have 
formerly  recorded  (Gbol.  Mao.  1891,  p.  462)  the  occurrence  of 
snch  a  mixed  volcanic  and  sedimentary  material  in  a  tuff  at  Falcon 
Crag.  It  may  be  observed  again,  though  in  less  marked  degree,  in 
rocks  from  Honister  Crag,  both  roofing- slates  and  coarser  tuffs  and 
breccias,  in  which  fragments  of  grits  and  gritty  slates  occur;  and 
in  material  from  several  other  localities  careful  search  shows  that 
fragments  of  ordinary  sedimentary  slates  are  present,  recognizable, 
smong  other  things,  by  the  rutile-needles  contained  in  them.  In 
many  cases  these  fragments  are  crushed  and  drawn  out  so  as  to  be 
almost  incorporated  beyond  recognition  with  the  volcanic  material, 
and  it  is  most  likely  that,  as  might  be  expected,  a  large  proportion 
of  the  ashes  and  tuffs  of  the  district  contain  more  or  less  of  the 
8edimentAry  strata  underlying  them. 

Angular  clastic  grains  of  quartz,  some  of  good  size,  are  also 
tolerably  frequent,  suggesting  a  derivation  from  some  coarse-grained 
acid  rock,  probably  granite. 

None  of  the  finer-grained  slates,  so  far  as  my  observations  go, 
contain  any  trace  of  augite  or  other  ferro-magnesian  mineral.  ITiese 
are  now  represented  entirely  by  chlorite,  calcite,  and  some  epidote. 
Chlorite  is  always  present  in  large  quantity  in  the  coarser  slates,  as 
patches  and  rolled-out  streaks,  as  well  as  in  the  minutely-felted  form 
in  the  base.  Calcite  is  exceedingly  abundant,  disseminated  as  small 
grains  down  to  fine  dust,  or  as  larger  grains  and  crystals.  These 
frequently  contain  fiuid-cavities  with  babbles,  showing  the  con- 
ditions of  pressure,  etc.,  under  which  this  calcite  was  deposited.  In 
many  slates  the  calcite  is  so  plentiful  that  it  very  nearly  obliterates 
everything  else  except  the  chlorite,  the  rolled-out  mixture  of  the 
two  appearing  at  first  sight  to  make  up  nearly  the  entire  rock. 

It  is  interesting  to  note  that  though  the  mineral  changes  which 
have  taken  place  in  the  finely-powdered  ash-material  of  these  slates 
are  in  a  most  important  point  similar  to  those  which  have  occurred 
in  the  deposits  to  which  we  owe  our  fireclays  and  shales  and  most 
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of  our  sedimentary  slates,  inasmnoh  as  a  Terj  large  amount  of  new 
mica  has  been  formed,  yet  in  tbe  matter  of  the  titanic  acid  con- 
tained in  the  material  acted  npon  the  result  is  very  different 

It  is  beyond  question  that  the  Tolcanic  rocks  of  the  Lake  District 
contain  a  quite  considerable  amount  of  titanic  acid,  though  it  has  not 
been  determined  in  the  analyses  made.^ 

Probably  a  portion  was  combined  in  the  form  of  sphene,  but  most 
likely  the  greater  part  was  contained  in  the  augitic  minerals.  In 
the  weathered  and  much  altered  andesites  as  we  now  hare  them, 
gecondary  sphene  is  one  of  the  most  constant  constituents,  in  granular 
form  and  also  as  little  clusters  and  groups  of  crystals,  often  evenly 
disseminated  throughout  the  rock.  This  sphene  has  probably  been 
mainly  formed  during  the  decay  of  the  augites  and  the  basic  portion 
of  the  ground-masses.  At  Shap,  under  the  influence  of  contact- 
action,  the  sphene  of  the  andesites  and  ashes  appears  to  have  been 
re-dissolved  and  re-deposited,  one  of  the  most  striking  features  of 
the  altered  rocks  being  the  considerable  number  of  large  grains  of 
deep-coloured,  very  dichroic  sphene  which  have  been  formed,  wholly 
different  from  anything  seen  in  the  rocks  at  a  distance  from  the 
contact.  Sometimes  these  large  grains  of  sphene  occur  in  cavities 
in  such  relationship  to  quartz  and  other  infiltrated  matter  as  to  leave 
no  room  for  doubt  as  to  the  manner  of  their  deposition. 

Notwithstanding  this  considerable  amount  of  titanic  aoid,  how- 
ever, the  slates  resulting  from  the  chemical  and  mechanical  altera- 
tion of  the  andesitio  ashes  do  not  ever  show  the  rutile-needles  so 
universally  characteristic  of  the  sedimentary  clays  and  slates.  From 
a  considerable  observation  of  these  rocks  from  all  over  the  district 
I  am  able  to  state  that  rutiie  in  that  form  is  never  noticed  in  them, 
except  in  those  cases  in  which  it  is  explained  by  included  sedimen- 
tary matter  originally  containing  it.  To  the  best  of  my  belief, 
based  on  much  study  of  this  special  point,  it  may  be  pretty  safely 
said  that  rutiie  in  the  form  we  know  as  **  slate-needles,** — a  form  so 
very  characteristio  and  always  recognizable, — occurs  only  as  the 
result  of  decomposition,  under  certain  conditions,  of  deposits  partially 
consisting  of  biotite.     As  I  have  noted  in  a  former  paper  (GifiOL. 

^  Even  now  that  the  general  presence  of  titanic  acid  in  rocks  is  more  fully  known 
than  formerly,  it  is  very  rarely  determined  by  analysts.  This  arises  to  some  extent 
from  the  fact  that  its  non -determination  does  not  affect  the  t4)tal  addition  of  the 
analysis,  as  in  the  ordinary  course  of  the  estimations  it  is  weighed  partly  with  the 
silica  and  partly  with  some  of  the  bases.  But  the  non -determination  is  more  largely 
due  to  the  fact  that  the  exact  quantitative  serparation  of  titanic  acid  is  a  very 
tedious  and  difficult  operation. 

In  the  <* American  Journal  of  Science'*  for  December,  1891,  is  an  interesting 
paper  by  Mr.  F.  P.  Dunnington, "  On  the  Distribution  of  Titanic  Oxide  upon  the 
tiurfuce  of  the  Eurth/*  in  which  he  gives  the  results  of  72  determinations  on  soils 
from  various  parts  of  the  world,  as  well  as  on  a  few  rocks.  The  universal  diffusion 
of  this  oxide  in  appreciable  quantity  is  fully  demonstrated.  These  many  detennin* 
ations  were  not  made  by  Mr.  Dunnington  in  the  ordinary  tedious  gravimetrio 
mauner,  but  by  a  rapid  calorimetric  process  which  is  described  in  the  paper.  It  ii 
to  be  supposed  that  this  method  has  oeen  full^  checked  and  proved  to  be  reliable. 
That  being  so,  the  determination  of  titanic  acid  in  our  rocks  and  minerals  ought 
to  become  the  rule  instead  of  the  exception,  since  an  easy  and  rapid  method  ii 
available  for  it. 


TT.  21,  Hatchings^ Ash-slatcs  of  the  Lake-Ms(rirf.       2-21 

Mag.  1891,  p.  537),  biotite  appears  to  be  practically  absent  ironi 
the  rocks  of  the  Borrowdale  series.^ 

The  titanic  acid  in  these  slates  takes  other  forms.  It  largely 
ocoort,  as  in  the  altered  andesites,  as  disseminated  granules  and 
small  crystals  of  secondary  spbene.  Slates  showing  this,  to  the 
ezolasion  of  any  other  form  of  occurrence,  are  exemplified  in  the 
quarries  at  the  top  of  Kentmere  Valley,  and  on  the  other  side  of  the 
same  ridge  in  Troutbeck  Valley. 

Butile  ooonrs,  though  on  the  whole  sparingly,  in  the  form  of  blunt 
crystals  and  grains  lining  cavities,  the  central  pai-ts  of  such  cavities 
being  usually  filled  in  with  quartz,  or  calcite,  or  both. 

Another  and  more  widely-spread  form  of  occurrence  is  as  anatase 
in  small  donble  pyramids,  with  or  without  the  prism-band,  exactly 
as  in  the  altered  Goniston  Flags  at  Sbap.'  These  anatase  crystals 
were  first  noticed  in  a  slate  from  Honister  Crag,  and  some  difficulty 
was  at  first  experienced  in  scenting  the  true  nature  of  their  origin. 
I  was  disposed  to  r^^rd  them  as  having  been  introduced  in  meta-* 
morphosed  sedimentary  fragments,  as  in  the  case  of  the  tufif  at  Falcon 
Crag,  and  to  suppose  that  the  crystals  had  remained  distinct  after 
the  other  material  of  the  fragments  bad  been  completely  obliterated 
and  absorbed  into  the  rest  of  the  slate.  But  longer  observation  of 
this  particular  occurrence,  and  of  numerous  others  subsequently 
found,  quite  dispelled  that  idea.  There  is  no  doubt  that  the  solutions 
which  have  permeated  the  ash-beds,  and  which  have  acted  under  high 

Pressure  (as  witnessed  by  the  bubbles  in  the  calcite)  and  probably 
igh  temperature  also,  have  dissolved  titanic  acid  and  allowed  it  to 
re-crystallize  (according  to  differences  of  conditions  we  are  not  able 
to  specify),  either  as  anatase,  more  sparingly  as  rutile  deposited  in 
cavities,  or  in  combination  with  silica  and  lime  as  spbene.  The 
anatase  occurs  mainly  as  clusters  in  patches  of  chlorite.  W^ith  the 
perfect  crystals  are  often  large  numbers  of  grains  not  showing 
definite  forms,  but  apparently  deposited  at  the  same  time.  Tlie 
mineral  occurs  also  in  secondary  quartz-grains  which  are  abundant 
in  some  of  these  rocks ;  in  calcite,  though  rarely,  and  now  and  then 
in  felspar-substance.  In  some  cases  cavities  are  seen  lined  with 
rutile,  and  filled  in  with  quartz  in  which  are  perfect  little  crystals 
of  anatase  ;  so  that  between  the  time  of  deposit  of  the  rutile  on  the 
sides  of  the  cavity  and  the  final  in-filling  with  quartz  a  change  of 
conditions  as  to  nature  or  temperature  of  solutions,  or  both,  had 
taken  place,  which  altered  the  crystal-forms  of  the  titanic  acid  being 
deposited. 

It  may  be  noted  that  in  slates  which  show  very  much  spbene 
anatase  does  not  usually  occur.     Otherwise  a  large  number  of  the 

^  It  is  also  to  be  remarked  that  the  small  crystals  of  tourmaline,  so  usual  in  clays, 
shales,  and  slates,  are  never  seen  in  these  ashes. 

*  Since  the  above  was  in  print,  I  have  had  the  opportunity  of  examining^  some  of 
these  minute  anatase  crystals  by  means  of  a  i^  inch  oil-immersion  objective.  This 
hss  enabled  me  to  see  them  very  much  better  than  1  ever  did  before,  and  to 
ascertain  that  1  was  mistaken  in  stating  that  the  prism-band  is  present  on  some  of 
them.  The  apparent  hnnd  disappears  when  the  crystals  are  seen  under  the  great 
magnification,  together  with  fine  aefinition,  which  the  use  of  this  objective  gives  ua. 
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dates  oontain  it  in  varying  amount,  Bometimee  very  scarce  md 
sometimes  in  crystals  so  small  as  to  require  very  careful  aeardi  for 
its  detection,  but  at  other  times  very  abundantly  and  of  larger  sizes, 
ran^ng  up  to  ruVutb  of  an  inch  in  length. 

The  various  experiments  on  record  as  to  the  artificial  formstion 
of  crystallized  titanic  acid  by  sublimation  show  that  variations  of 
temperature  cause  variations  in  the  resultant  crystal-form ; — mtile, 
anatase  or  brookite  being  obtained  at  different  parts  of  the  apparatus. 
Similarly  the  three  minerals  may  be  obtained  by  fusion  of  titanio 
acid  in  different  solvents.  The  same  no  doubt  applies  as  regards 
solutions  of  titanic  acid  in  liquids,  and  its  crystallization  out  of  them 
under  various  conditions ;  but  there  appear  to  be  very  few  experi- 
mental data  as  to  this,  and  we  can  only  speculate  as  to  the  exact 
nature  of  the  solutions  which  have  acted  in  these  rocks.  It  is  stated 
by  Doelter  (AUgemeine  Chemische  Mineralogie,  p.  155  >  that  by 
means  of  water  containing  sodium  fluoride  he  succeeded  in  re- 
crystallizing  titanic  acid  in  the  form  of  rutile.  He  also  gives 
interesting  fi<j:ures  {loc,  cit.  p.  189)  showing  a  very  noticeable 
solubility  of  titanic  acid  (powdered  rutile)  even  in  pure  water,  in 
sealed  tubes  at  80^  C.  From  various  considerations  it  is  probable 
tbat  the  solutions  acting  in  these  rocks  were  largely  charged  with 
alkaline  silicate ;  a  solution  of  alkaline  titanate  was  probably  formed 
at  the  same  time,  out  of  which  carbonic  acid  would  liberate  titanio 
acid.  It  seems  likely  tbat  so  far  as  concerns  temperature,  pressure, 
etc.,  the  conditions  existing  in  many  of  these  beds  of  the  Borrowdale 
Series  when  the  main  changes  took  place,  did  not  materially  differ 
from  those  under  which  the  Coniston  Flags  at  Shap  were  meta- 
morphosed  near  the  granite,  exactly  similar  solution  of  the  titanic 
acid  and  re-crystallization  as  anatase  having  taken  plaoe  in  some  of 
these  flags  (Barker  and  Marr,  Quart.  Joum.  Geol.  Soc.  vol.  xlvii. 
1891 ;  also  Hutchings,  Gsol.  Mao.  1891,  p.  462). 

Among  the  various  changes  which  have  taken  place  in  the  minerals 
of  these  rocks,  those  which  concern  the  felspars  have  the  greatest 
interest.  The  points  involved  are,  of  course,  the  same  whether  we 
study  the  felspars  in  the  slates  and  other  detrital  rocks  or  in  the 
altered  andesites,  and  what  follows  may  be  taken  as  applying  equally 
to  both  classes. 

The  normal  decomposition  of  the  felspars  of  these  rocks  does  not 
seem,  so  far  as  can  be  made  out,  to  lead  to  kaolinization.'  The  three 
main  types  of  decay,  sometimes  singly,  sometimes  together,  give  rise 
respectively  to  white  mica,  a  very  pale  chloritic  mineral,  and  calcite. 
The  formation  of  white  mica  is  very  usual  all  over  the  district. 
In  many  andesites  and  ashes  the  felspars,  while  retaining  their 
original  outlines  perfectly  sharply,  are  internally  quite  full  of  mica 
flakes,  often  of  good  size,  hardly  ever  showing  any  sort  of  orientation 
to  the  cr}fstal-plaues  of  the  containing  crystal,  but  occurring  equally 
in  all  directions  and  often  as  tangled  clusters  of  flakes  at  all  azimuths. 
This  lack  of  orientation  of  the  mica  formed  in  felspars  appears  to 
be  not  unusual.  I  have  noticed  it  in  other  rocks  ;  and  it  is  pointed 
'  out  by  Rosenbusch  (Microscop.  Physiog.  der  Gesteine,  p.  23). 

^  It  is  uBoallf  coBBidered  to  be  difiBicult,  and 'md!^  olVAum^omVAi^v^  distiii^iush 
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Among  the  mica  in  the  larger  crystals  may  often  he  seen  quartz, 
and  usnally  more  or  less  of  perfectly  glassy  clear  felspar. 

Where  tiie  alteration  has  given  rise  to  the  pale  chloritic  mineral,  a 
more  definite  orientation  appears  to  largely  prevail.  This  chlorite 
is  very  faintly  diohroic,  and  polarizes  in  thin  sections  in  tints  up  to 
yellowish-white  of  the  first  order. 

Calcite  frequently  accompanies  the  other  two  products,  and  often 
occurs  by  itself,  in  all  stages  up  to  the  total  replacement  of  felspar 
crystals  by  pseudoroorphs  in  calcite. 

Mr.  Alfred  Harker,  in  a  petrological  appendix  to  a  paper  by  Prof. 
Nicholson  and  Mr.  Marr  (''The  Cross  Fell  Inlier,"  Quart.  Journ. 
Oeol.  Soo.  vol.  xlvii.  pp.  512-525),  alludes  to  the  fact  that  in  some 
of  the  rocks  in  question  the  evidence  goes  to  show  that  a  large  part 
of  the  felspars  are  "  regenerated,"  and  have  a  secondary  twinning 
due  to  crushing.  He  specially  alludes  to  a  rook  from  Wythwaite 
Top,  giving  details  as  to  his  observations  on  the  porphyritic  felspars 
contained  in  it  and  their  alterations  (p.  515). 

Similar  occurrences  may  be  noticed  more  or  less  all  over  the  Lake 
District,  and  these  rocks  offer  a  splendid  field  for  the  investigation 
of  the  many  questions,  as  yet  only  partially  understood,  as  to  the 
re-generation  and  re-crystallization  of  felspars,  with  or  without 
Becondary  twinning,  due  to  crushing  and  shearing.  Specimens  may 
be  obtained  at  many  points  from  ashes  (fine  tuffs  and  slates),  and 
often  from  altered  lavas,  in  which  the  usual  turbid  felspars  full 
of  mica,  chlorite,  or  calcite,  with  the  twinning  nearly  or  wholly 
obliterated,  are  replaced  by  more  or  less  glassy  clear  crystals  often 
beautifully  twinned.  These  are  not  crystals  and  fragments  which 
have  escaped  decay,  but  are  obviously  felspars  which  are  re-formed 
in  fi/u,— often,  apparently,  completely  re-crystallized  and  re-twinned. 
The  rocks  in  which  these  occur  all  give  full  evidence  of  great 
stresses,  and  the  felspars  themselves  are  often  bent,  broken,  and 
re-cemented  with  chlorite  in  a  most  complex  manner. 

In  the  slates  of  Honister  Crag,  and  many  other  quarries,  any 
number  of  bits  may  be  seen,  as  clear  as  fragments  of  window-gla^s 
except  for  a  little  brownish  dust  in  some  cases,  a  large  proportion  of 
Buch  bits  showing  beautiful  twinning  in  polarized  light.  Many 
other  bits,  equally  clear  and  glassy,  show  no  twinning  whatever, 
nor  any  cleavage,  and  are  only  to  be  discriminated  from  quartz  by 

microflcopically  between  kaoline  and  muscorito  as  alteration -products  in  decomposing 
felspars.  Bosenbusch,  for  instance,  points  this  out  very  emphatically  (Pbysiographie 
der  Mineralien,  pp.  516,  561).  The  flaky  alteration -product  in  felspars  is  certainly 
sometimes  so  minute,  and  occurs  in  such  an  indistinct  manner,  that  aecision  as  to  its 
exact  character  is  very  uncertain  or  impracticable.  But  as  soon  as  the  flakes  Rre 
larger  and  more  distinct  (and  this  is  often  eminently  the  case  in  the  rocks  now  under 
consideration),  I  venture  to  think  that  the  identification  of  the  mica  can  be  safely 
made.  The  bi-refraction  of  kaolinite  is  high,  but  so  far  as  my  observations  go  it  is 
Hry  dittinetty  less  than  that  of  muscovite,  observing  transverse  sections  in  each  case. 
Then  again,  edge-sections  of  the  mica  extinguish  parallel,  while  edge-sections  of 
bu>Iinite  give  such  very  decided  angles  that  no  confusion  of  the  two  minerals  appears 
possible.  1  have  used  for  these  comparisons  the  well-known  kaolinite  crystals  from 
Anglesey,  and  also  those  which  occur  abundantly  (though  of  smaller  size)  in  the 
interstices  of  many  coarse  sandstones  and  grits  of  the  Coal-measures. 
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optio  tesU  in  convergent  light;  and  in  some  cases,  in  tuffs,  laT|;9 
decayed  felspar-fragments  have  been  re-generated  into  mosaics  of 
clear  grains  in  the  well-known  nianner. 

What  these  felspars  now  are  it  does  not  seem  possible  to  decide 
on  optio  tests  alone,  in  thin  sections.  The  maltiple  twinning  ia 
most  cases  points  to  plagioclase,  and  extinctions  appear  to  indicate 
albite,  oligoclase,  and  andesine  as  probably  the  varieties.  But 
nothing  short  of  a  laborious  isolation  and  analysis  of  specimens 
could  give  a  safe  decision.  It  appears  to  be  usually  considered  that 
albite  and  andesine  are  the  varieties  chiefly  produced  by  the  dynamic 
re-generation  of  decayed  original  felspars. 

In  the  paper  above  referred  to  Mr.  Harker  brings  forward  the 
question  of  the  formation  of  new  felspar  by  deposit  in  vesicles,  and 
describes  a  case  of  such  an  occurrence  in  one  of  the  Cross  Fell 
rocks,  the  felspar  in  question  being  well-twinned  plagioclase  with 
extinction-angles  pointing  to  albite  or  andesine. 

According  to  my  own  observations,  this  mode  of  occurrence  is  not 
by  any  means  very  rare,  and  I  can  point  to  several  oases  of  cavities 
in  these  rocks  which  are  lined  with  chlorite,  etc.,  and  contain  felspar 
in  such  a  manner  as  to  apparently  forbid  any  other  explanation  than 
that  the  mineral  has  been  crystallized  from  infiltrations  into  the 
cavities.  I'he  question  first  attracted  my  attention  in  connexion 
with  the  altered  rocks  round  the  Shap  granite.  Messrs.  Harker 
and  Marr  allude  to  felspars  formed  in  vesicles  by  the  metamorphism 
of  their  contents.  They  refer  to  one  particular  slide  in  which  this 
is  observed,  but  state  that  it  does  not  seem  to  have  oommonlj 
occurred.  Whether  it  be  due  to  contact-action  or  not,  my  own 
impression  is  that  it  is  very  usual  at  some  points  round  the  granite, 
as  I  have  several  slides  in  which  well-defined  felspar,  often  in  good 
large  individuals,  frequently  occurs  in  vesicles  with  quartz,  biotite^ 
hornblende,  etc.  It  is  mostly  plagioclase,  but  I  have  one  slide, 
which  I  have  submitted  to  Mr.  Harker,  in  which  occur  grains  of 
what  seems  to  be  orthoclase,  perfectly  clear,  beautifully  cleaved,  and 
extinguishing  quite  parallel  to  the  cleavages.  One  such  grain  is 
over  \  inch  in  diameter  filling  an  irregular  cavity,  which  may  have 
been  a  vesicle,  but  seems  more  likely  to  have  been  due  to  the 
removal  of  some  former  mineral.  I  at  first  attributed  these  large 
grains,  as  also  the  smaller  plagioclase  in  vesicles,  to  the  action 
of  the  granite,  and  this  may  be  correct,  but  it  is  not  necessarily 
so,  as  later  observations  showed  me  that  all  these  occurrences  are 
paralleled  in  rocks  far  outside  the  contact-zone.  Cavities  with 
plagioclase,  and  apparently  also  orthoclase,  occur  not  rarely  in  the 
coarser  slates  at  Mosedale,  for  instance ;  and  the  grains  of  well- 
cleaved  felspar,  apparently  orthoclase,  are  seen  again  in  sections 
of  the  andesite  of  Harter  Fell,  Mardaie,  where  the  mineral  occars 
in  a  precisely  similar  manner  as  large,  irregular,  perfectly  glassy- 
clear,  untwinned  grains  in  a  rock  ^vhose  original  felspars  are  all 
sharply  and  definitely  bounded,  and  are  now  exceedingly  turbid. 

I  look  upon  all  these  cases  as  due  to  causes  wholly  distinct  from 
the  dynamio  regeneration  of  decayed  felspars,  and  as  explained  by 
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simple  deposit  from  solutions,  exactly  as  albite,  orthoolase,  etc.,  are 
known  to  be  deposited  on  a  larger  soale  in  veins  And  cavities. 

There  are  also,  so  far  as  I  can  make  out,  what  certainly  appear  to 
be  orthoolase  crystals  in  some  of  these  rocks,  which  seem  to  require 
lootber  explanation.  They  are  not  in  cavities,  and  for  various  reasons 
liiey  do  not  appear  to  be  original  crystals,  but  to  be  **  regenerated  " 
ike  so  many  of  the  plagioclase  crystals.  I  have  come,  after  much 
lOQsideration  of  them,  to  regard  them  as  not  improbably  pseuHo- 
Dorpbs  after  former  plagioclase,  on  the  theory  (or  hypothesis)  that 
olntions  containing  silicate  of  potash  have  acted  upon  these  former 
idspars,  removing  soda  and  lime  and  replacing  them  with  potash, 
)oe  such  crystal  observed,  which  optically  fully  corresponds  to 
»rthoclase,  contains  a  cavity  lined  with  deposited  rutile,  evidently 
ormed  at  the  time  that  solutions  were  strongly  acting  on  the 
iiiginal  crystal. 

In  some  of  the  normal  andesites  the  much-altered  felspars  full  of 
Bioa»  chlorite  or  calcite,  show  in  among  these  secondary  products, 
IS  before  stated,  more  or  less  of  clear  glassy  material.  It  is  not  an 
incommon  thing  to  see  this  glassy  felspar  in  considerable  quantity 
n  long  streaks  and  patches,  and  where  the  outline  of  the  crystal  is 
ally  preserved,  as  often  is  the  case,  to  see  that  this  felspar  is 
^tically  uniform  all  over  the  crystal,  is  quite  free  from  twinning 
md  extinguishes  perfectly  parallel  to  the  crystaUboundaries,  or  at 
mgles  which  point  to  orthoolase.  In  some  of  the  rooks  crystals  are 
requent  which  are  wholly  glassy  clear,  save  for  trifling  inclusions, 
nd  behave  as  above  described,  occurring  together  with  plagiocla'se 
xrhich  is  obviously  regenerated. 

Such  changes  as  I  suggest  may  have  taken  place  do  not  appear 
it  all  unlikely  under  the  conditions  which  we  have  reason  to 
nfer  obtained  during  the  alterations  these  rocks  have  undergone, 
ind  there  appears  to  be  good  independent  evidence  that  they  have 
)een  observed  and  chemically  proved  elsewhere.  A  leading  authority 
n  this  class  of  investigation  appears  to  be  Lemberg.  I  have  not 
it  present  an  opportunity  of  consulting  his  original  papers,  but  in 
ioth  (Chemische  Geologic,  vol.  i.)  among  other  abstracts  from  and 
eferences  to  Lemberg*8  work  are  certain  facts  which  bear  very 
lirectly  on  the  point  in  questions. 

Thus,  Lemberg  analyzed  oligoclase  from  the  tourmaline- p^anite  of 
fonte  Mulatta,  and  its  green  alteration-products  in  four  examples, 
;,  bf  c,  cL     The  alkalies  were  as  follows : — 

Original  OligocUue,  a.  b.  e.  d. 

Soda      =     7-26  per  cent.  2-14  p.c.     070  p.c.     223  p. c.     084  p.c. 

Potash   «=     210       „  300   ,,       628   „       4o4   „       743   „ 

rater  is  also  taken  up  at  the  same  time. 

Other  analyses  of  Lemberg's  are  also  given,  showing  similar 
hanges  in  oligoclase.  some  chloritic  mineral  being  apparently  formed, 
rith  a  simultaneous  removal  of  soda  and  increase  of  potash.  An 
nalysis  of  labradorite  is  also  given,  together  with  that  of  its  altera- 
ion-product,  showing — 
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Original  lahrudoriU,  jUteration^produet. 

Soda    ...     5*43  per  cent.  0-88  per  cent. 

Potash...     0-92      „  8-51       „ 

and  in  another  still  more  extreme  ease  tbe  alteration-prodact  con- 
tained Soda  =  0*17  p.c. ;  Potash  =  9*71  p.c. 

From  this  latter  alteration-product  acid  extracted  37-61  p.o. 
of  a  silicate  of  magnesia,  alumina  and  iron  oxides, — evidently  a 
chloritic  substance.  The  residue  left  after  this  extraction  contained 
very  nearly  all  the  potash,  **and  corresponded  in  composition  to 
orthoclase.*'  These  alterations  appear  to  be  exactly  cases  of  wbatl 
suppose  to  have  taken  place  in  some  of  the  andesites. 

A  chloritic  mineral  is  formed,  with  a  simultaneous  more  or  lea 
extensive  chemical  alteration  of  the  soda-lime  felspar,  tending  to 
convert  it  into  orthoclase.  In  these  Lake  District  rocks  powerful 
dynamic  action,  following  on  the  chemical  change,  may  be  supposed 
to  have  completed  the  work  in  re-cry stallizing  the  felspar-substance. 
It  will  not  affect  the  question,  whether  chlorite,  mica  or  calciteifl 
formed  during  the  chemical  stages  of  these  processes. 

In  commenting  on  the  above  results  of  Lemberg,  Both  points  ont 
that  it  is  not  indicated  from  what  source  the  potash  was  supplied 
which  was  taken  up  during  the  changes  of  the  felspars.  In  the  case 
of  the  rocks  we  are  considering  there  is  no  difficulty  as  to  snch 
source.  I  have  shown  how  frequently  white  mica  is  formed  in  tbe 
alteration  of  some  of  the  felspars  of  these  rocks,  and  how  specially 
and  very  largely  this  is  the  case  in  the  beds  of  fine  ash  and  tuff.  In 
these  ash-beds  the  finely-pulverized  material  has  undergone  these 
alterations  as  a  whole,  including  the  portion  which  in  the  massive 
andesites  is  consolidated  as  ground-mass,  considerably  richer  in 
potash  than  the  lest  of  the  rock,  but  undergoing  these  changes,  as 
a  rule,  in  a  very  much  less  degree. 

These  changes,  as  we  have  seen,  entail  a  considerable  liberation 
of  potash  as  soluble  silicate,  and  we  may  be  sure  that  during  their 
progress  all  these  rocks,  as  a  whole,  were  permeated  by  solutions 
containing  that  salt,  and  also  carbonate  of  potash.  These  solutions 
would  play  an  important  part  in  further  changes,  and  acting  upon 
soda-lime  felspars  (themselves  containing  more  or  less  of  potash) 
already  in  course  of  decay,  would  easily  and  naturally  bring  about 
the  alterations  supposed.  No  doubt  similar  explanations  would  apply 
in  the  cases  proved  by  Lemberg. 

Lemberg  was  apparently  able  to  isolate  the  special  felspars,  the 
alterations  of  which  he  wished  to  study.  Such  isolation  is,  un- 
fortunately, not  possible  in  the  case  of  the  rocks  to  which  I  refer. 
The  felspars  are  so  small  that  the  picking-out  of  them  is  not 
practicable,  and  their  isolation  from  the  crushed  rock  by  means  of 
dense  solutions  is  a  tedious  and  difficult  matter.  Also  it  is  not 
possible  in  this  manner  to  separate  the  different  varieties  of  felspar 
one  from  the  other,  as  even  in  the  most  favourable  of  the  occurrences 
examined,  the  included  secondary  minerals,  though  small  in  amount, 
suffice  to  completely  counteract  the  normal  differences  of  specifio 
gravity. 
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Cnder  these  circumstances  it  has  not  been  possible  to  obtain  any 
very  eflfeotive  chemical  evidence  on  the  point  in  question. 

The  most  favourable  rock  in  my  possession  is  an  andesite  from 
a  point  not  far  from  Ulleswater,  on  the  road  to  Matterdale.  Its 
ground-mass  is  fine-grained,  and  appears  to  have  been  originally 
*'  hyalo-pilitic.*'  Tliere  are  numerous  well-defined  pseudomorphs  of 
chlorite  after  augite.  The  porphyritic  felspars  are  numerous,  but 
small,  ranging  from  about  -sVth  of  an  inch  in  length  as  maximum. 
They  are  largely  more  or  less  glassy  clear,  and  contain  comparatively 
little  of  secondary  minerals ; — chlorite,  calcite,  a  little  epidote,  with 
but  little  mica  in  this  case. 

A  good  many  of  them  show  the  appearances  above  stated  which 
lead  me  to  suppose  they  are  perhaps  orthoclase.  Tlie  rest  are 
plagioolase,  of  which,  as  usual,  it  is  not  possible  to  safely  determine 
the  variety,  though  oligoclase  appears  to  be  present.  A  large  piece 
of  this  rock  was  pulverized  and  reduced  to  uniform  very  small 
grains  by  means  of  wire  gauzes  of  suitable  mesh.  The  powder  was 
subjected  to  repeated  separations  in  liquids  of  diminishing  specific 
gravities,  the  lighter  portions  being  successively  concentrated,  a 
final  separation  being  made  in  a  liquid  in  which  a  fragment  of  pure 
labradorite  just  remained  suspended.  In  this  manner,  with  plenty 
of  time  and  patience,  it  was  possible,  in  spite  of  the  unfavourable 
nature  of  the  rook  and  of  the  smallness  of  the  grains,  to  separate 
from  a  large  bulk  a  small  quantity  of  material  which  proved  to  be 
felspar,  free  from  ground-mass,  and  contaminated  only  by  small 
amounts  of  chlorite  and  calcite.  This  was  finely  powdered,  digested 
a  short  time  in  hydrochloric  acid  of  moderate  strength  (sufficient  to 
decompose  chlorite),  and  finally  in  dilute  potash*  liquor  to  remove 
separated  silica.  The  residue,  well  washed  and  dried,  was  practically 
pure  felspar. 

A  sample  of  the  bulk  of  the  powdered  rock  contained  :  Silica, 
62*43  per  cent. ;  Soda,  4-lt3  per  cent. ;  Potash,  2*28  per  cent.,  as 
kindly  determined  for  me  by  Dr.  J.  B.  Cohen.  This  does  not  differ 
appreciably  from  the  average  run  of  analyses  of  local  andesites, 
though  the  potash  is  perhaps  a  trifle  higher  than  usual. 

The  isolated  felspar-substance  was  analyzed  by  Mr.  Paterson  and 
contains  Soda  8*52  p.c. ;  Potash  4*1  p.c. 

Having  regard  to  the  facts  that  in  all  rocks  of  this  class  the 
potash  concentrates  in  the  ground-mass,  and  that  the  average  of  the 
entire  rook  is  here  only  2-23  p.c,  we  should  not  expect  to  find 
anything  like  so  much  as  4  p.c.  potash  in  the  porphyritic  felspars. 
Its  presence  in  them  in  this  amount  would  seem  to  justify  the  in- 
ference that  some  of  them  are  specially  rich  in  it,  and  that,  indeed, 
some  potash-felspar  is  probably  present  together  with  the  plagioclase. 

In  some  of  these  rocks,  again,  there  appear  to  be  examples  of 
those  very  interesting  phenomena  which  have  been  so  beautifully 
described  and  illustrated  by  Prof.  Judil  in  his  paper,  **  On  tlie 
Growth  of  Crystals  in  Igneous  Rocks  after  their  Consolidalion " 
(Q.J.G.S.  vol.  xlv.  1889). 

They  are  not  so  large  nor  so  striking  as  the  instances  c\yioUv]L  ^ti.d. 
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figured  in  that  paper,  but  there  are  in  some  Bpeoiraens  crystals  whicli 
show  all  the  principal  appearances  enumerated  by  Professor  Judd, 
and  which  cannot,  I  think,  be  explained  satisfactorily  in  any  other 
manner  than  that  which  he  has  given  us. 
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I. — Thb  Oolitic  Rocks  at  Stowe-ninb-Churohks,  Nokthamptok- 
SHiRE.  By  Beebt  Thompson,  F.G.S.,  eta  (Joum.  North- 
amptonshire Nat  Hist  Soc.  Vol.  VI.) 

IN  this  paper  Mr.  Thompson  describes  a  section  of  especial  interest, 
as  it  shows  the  sequence  of  beds  from  the  Northampton  Sands 
to  the  Oxford  Clay.  The  tract  near  Stowe,  situated  about  seven 
miles  west  of  Northampton,  is  a  faulted  one,  and  to  this  cause  is  due 
the  preservation  of  the  Great  Oolite  and  higher  beds,  which  elsewhere 
in  the  immediate  neighbourhood  have  been  removed  by  denudation. 
Tlie  beds  have  been  quarried  chiefly  to  supply  limestone  for  fluxing 
purposes  to  the  Hey  ford  furnaces  near  by. 

The  chief  new  points  in  this  paper  concern  the  identification  of 
the  small  area  of  beds  overlying  the  Great  Oolite,  as  these  were 
not  indicated  on  the  Geological  Survey  Map.  The  highest  bed 
beneath  the  Drift  soil  is  a  blue  clay  grouped  as  Oxford  CJay.  There 
can  be  little  doubt  that  this  represents  the  clay  usually  found 
between  the  Cornbrash  and  Keliaways  rock,  and  sometimes 
designated  the  Kellaways  Clay. 

The  Cornbrash  contains  some  of  the  usual  fossils  met  with  in  the 
formation,  and  it  rests  on  a  series  of  beds  grouped  with  the  Forest 
Marble  and  Great  Oolite  Clay.  The  presence  of  beds  of  flaggy 
limestone  resembling  varieties  of  Forest  Marble  is  of  interest,  ai 
they  are  only  occasionally  met  with  in  the  country  to  the  north- 
east of  Bicester,  in  Oxfordshire. 

The  Great  Oolite  Clay  is  not,  as  Mr.  Thompson  thinks,  the  bed  to 
which  the  term  *  Cornbrash  Clay  '  has  been  applied  ;  that  Clay, 
where  it  occurs,  overlies  Cornbrash  rock,  partly  replaces  it,  and 
passes  up  into  the  Kellaways  Clay. 

The  Great  Oolite  Limestone  and  lower  beds  are  described  by  Mf. 
Thompson,  and  lists  of  fossils  are  given  from  these  as  well  as  from 
the  higher  strata.  A  photographic  plate  and  a  plate  of  diagram- 
sections  illustrate  the  paper.  H.  B.  W. 


II. — Notes  on  the  Fossil  Aphid^  and  Tbttigid^. 

I  IN  Mr.  G.  B.  Buckton*s  late  Monographs  on  British  Aphidei 
I  and  Cicada^  are  thoughtful  remarks  on  the  known  fossil  forms 
of  these  two  great  families  of  Insects,  and  we  here  reproduce  them 
as  interesting  to  our  readers, — premising  that  these  Insects  belong 
to  the  Homoptera,  whose  zoological  relationship  is  as  follows — 

Hemiptera  :   A.  Homoptera  :    Aphides,  Coccida,   Cicada,  JFWyp- 
rida,  etc 
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B.  Hstxboptesa:  Hydrocorina  (Water-bugs),  Geocorisa  (Land- 
bugs). 

IL  In  the  ''Monograph  of  the  British  Aphtdei,'*  toI.  iv.  1883, 
Bay  Society,  at  pages  144 — 178,  Mr.  Buokton  gives  a  sketch  of  the 
geological  occarrenoee  of  Insects  in  general,  and  of  the  Aphidina  in 
particular,  and  finds  that  the  Hemipiera  are  nearly  as  ancient  as  the 
Coleoptera,  and  apparently  preceded  the  Diptera,  Eymenopteray  and 
Lepidopiera,  The  earliest  known  Aphides  have  been  recognized 
by  Weatwood,  as  collected  by  Brodie  in  the  Purbeck  beds  of  Wilts 
and  Dorset  In  the  Eocene  Tertiaries  of  Europe  Aphis  occurs  fossil ; 
and  even  if  not  present,  its  enemies  who  fed  on  it  {Syrphida  and 
Cocdndlida)  and  others  (Ants)  that  sought  its  honey-dew,  have  left 
their  remains.  At  Hadaboj  in  Croatia,  and  (Eningen  in  the  valley 
of  the  Bhine,  Aphide$  are  present  in  Miocene  strata.  Indeed  in  the 
Swiss  Miocene  136  species  are  known.  The  Aphidida  of  North 
America  have  been  described  by  Scudder  from  the  White-River 
District  in  Utah,  and  the  Oreen -River- Station  in  Wyoming;  also 
from  the  Florissant-Lake  strata  in  Colorado,  the  last  giving  eight 
species  of  Aphiditu^  The  many  species  of  Aphides  found  in  Amber 
have  occupied  the  author's  attention  (pages  1 60-168).  He  gives 
a  lucid  account  of  what  has  been  published  about  Amber  and  its 
origin ;  and  indeed  he  also  alludes  to  what  geologists  have  deter- 
mined abont  the  Tertiary  and  other  strata  in  which  Aphides  occur, 
and  especially  about  the  flora  represented  by  the  plant-remains 
accompanying  these  Insects  at  the  several  localities. 

Plate  cxxxi.  contains  figures  (after  Berendt)  of  Germar  and 
Berendt*s  species  from  Amber ;  namely,  three  of  Aphis  (?)  and  two 
of  Laeknus  (?),  carefully  described  in  tlie  text. 

In  plate  cxxxii.  Mr.  Buokton  figures,  from  earlier  drawings,  one 
Aphis  (?)  from  the  Purbeck;  one  from  the  Tertiary  of  Araberieux 
( Ain) ;  one  Aphioides  from  Amber ;  four  of  Aphis  (?)  and  three  of 
Lachnus  (?)  from  Radaboj  ;  and  a  Pemphigus  (?)  from  (Eningen. 

Some  fossil  Aphides  from  Florissant,  Colorado,  are  figured  (after 
Scudder)  in  plate  oxxxiii.  Five  new  genera  are  described  by 
Buckton,  at  pages  176-178,  as  Siphonophoroides  (2  spp.),  Archi- 
lachuus,  AneonatuSf  Schizoneuroides,  and  Pterostigma  (1  sp.  each). 

111.  In  Mr.  G.  B.  Buckton's  "  Monograph  of  the  British  CicadoB  or 
Tettigidce"  1891,  Macmillan  &  Co.,  London  and  New  York,  some 
fossil  forms  are  referred  to  in  vol.  ii.  at  pages  1 64-184. 

After  some  remarks  on  the  bibliography  of  Fossil  Insects,  their 
occurrence  in  freshwater  rather  than  in  marine  deposits,  their  local 
abundance  in  isolated  groups  or  masses,  and  the  possible  conditions 
of  preservation,  the  author  observes  that  the  Hemiptera  lived  in 
Carboniferous  times  in  the  American  and  British  areas,  contem- 
poraneously with  the  gigantic  Dycteoptera  (Cockroaches)  and 
Coleopiera  {Buprestidcs)  which  crawled  amongst  the  Equisetums 
and  Tree-ferns  of  that  early  period.  A  few  Hemipterous  remains 
are  described  by  Scudder  from  beds  below  the  Lias  or  Rhsetic  in 
Colorado;  and  some  specimens  from  the  Rhsetic  at  Schunen  in 
Sweden  have  been  referred  to  dmex  and  Cicada,   From  the  Khaetic  (?) 
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of  Scliambelen  (Aargaa),  SirifzerUnd«  O.  Heer  ennmentcs  113 
foftsil  InsecU,  of  which  12  are  Hemipiera.  The  JaimMic  Pmlmtmiim 
coiiiiea,  from  Stoneftfield,  was  referred  by  Mr.  A.  O.  Botler  to 
Lqpidoptera,  bat  others  believe  it  to  belong  to  Cieadst,  In  some  of 
the  Purbeck  beds  of  Wilts  and  Dorset  Insects  are  known  to  be 
abundant,  as  shown  especially  by  Brodie  and  Westwooil,  in  1844 
and  1854.  Of  the  Tettigida,  Prot  West  wood  determined  remains  of 
a  small  Cicadellina^  and  of  a  Cereopi»  and  Bglho$eopmM,  Thoajeh 
Insect  remains  are  plentiful  in  many  Eocene  Tertiary  beds,  only  in 
the  gypsum  of  Aix-en-Proyence  have  disooveriee  of  Cercopide, 
CixiidiBf  and  Cicadellina  been  ma<le. 

1  o  the  Oligocene  period  Mr.  Scndder  refers  the  remarkable  fresh- 
water innectiferons  deposits  of  Colorado,  which  form  part  of  islets 
in  the  Florissant  Lake.  The  fauna  and  flora  agree  partly  with  those 
of  (Eningen  near  Schaffhausen,  and  Radaboj  in  Croatia,  which 
belong  to  the  Miocene.  In  British  Columbia,  Dr.  G.  M.  Dawson 
discovered  some  lacustrine  insect-bearing  strata,  believed  also  to  be 
Oligocene  in  age ;  and  they  have  yielded  to  Mr.  Scndder  19  Hemipiera, 
of  which  only  two  are  truly  Hemipterous  ;  whilst  there  are  eleven 
Homopterons  Cercopida,  three  Fu^gorida^  and  two  Aphida.  All  are 
of  larger  size  than  the  usual  Tertiary  Insects.  Of  all  the  American 
foBRil  insectH^  from  areas  far  apart,  612  species  have  been  described, 
of  which  the  Hemipiera  form  the  large  proportion  of  266  species, 
and  Mr.  Scudder  regards  the  known  European  species  of  Hemipiera 
as  numbering  218. 

The  Miocene  of  Switzerland  has  yielded  multitudes  of  fossil 
Insects,  mostly  discovered  and  described  by  O.  Heer.  Among 
them  are  63G  Hemipterous  species;  and  by  far  the  majority  of 
those  are  larval  forms.  The  presence  of  at  least  one  Cicada,  and 
the  numerical  preponderance  of  BeduviidtB,  SctUaia,  and  Coreodeay 
also  the  occurrence  of  several  fine  Cercopida  and  large  Water-bugs, 
give  good  evidence  that  a  warmer  climate  (especially  milder  winters) 
then  prevailed  over  Central  Europe  than  now.  O.  Heer  thought 
also  that  ns  these  insects  undergo  an  incomplete  metamorphosis,  and 
are  more  or  less  active  in  their  pupal  conditions,  they  were  better 
suited  to  regions  not  subjected  to  the  rigours  of  long  cold  winters. 

From  the  Miocene  of  Greenland  and  Spitzbergen  examples  of 
Cercopia  and  Peniaioma  have  been  obtained.  From  New  South 
Wales  Mr.  K.  Ethoridge,  jun.,  has  described  (1890)  the  fossil  Cicada 
Lowei, 

The  Amber  of  the  Baltic  and  elsewhere  (pp.  171-173  ;  see  also 
**  Monogr.  Aphides,"  pp.  160-165)  contains  many  specimens  of 
Teitigid^,  of  these  Mr.  Buckton's  Plate  G  illustrates  two  specimens 
of  Typhlorybaf  two  (?)  of  Jassus,  one  of  Teiiigonia,  and  four  of 
Cixina ;  also  one  Cicada  in  copal-resin  from  Zanzibar. 

Of  other  fossil  Teitigida,  Mr.  Buokton's  Plate  F  illustrates  Butler's 
Palaoviina  ooliiica  (elytron) ;  two  species  of  Cicadellium  and  one 
of  Cercopidium,  from  the  Purbecks;  one  Cicada  and  two  species 
of  Cercopodivm  from  the  Swiss  Miocene ;  one  AgaUia,  one  Peira- 
Ijfsira,  and  one  Palacphora,  from  the  Oligocene  of  Colorado ;   aho 
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VkammoUtiix^  a  DawBoniteSf  and  a  Stenecphora  from  the  Tertiary 
firitish  Columbia. 

At  pages  178-181  Mr.  Buckton  refers  to  geological  speculations 
to  the  changes  of  land  and  climate  affecting  Insect-life  in  late 
rtiary  and  Quaternary  times ;  also  to  possibilities  of  development 
1  of  degeneration  among  Insect  forms  in  geologic  times,  and  he 
ritates  to  offer  any  outline  of  the  phylogenetio  descent  of  the 
Wiptera  in  particular.  T.  R.  J. 


I&EVIE-WS- 


"Tm  Cause  of  ah  loa  Aok.  By  Sir  Robrrt  Ball,  LL.D., 
F.R.S.,  Koyal  Astronomer  of  Ireland.  Pp.  180.  (Kegan  Paul, 
Trench,  Trubner  &  Co.    1891.) 

HIS  little  book  contains  a  very  clear  and  agreeably  written  ex- 
position of  the  commonly  received  Astronomical  theory  of  Glacial 
iods.  But  it  goes  further  than  that,  because  it  offers  an  explana- 
I  of  a  difference  of  the  mean  temperatures  of  either  hemisphere 
ing  the  summer  and  winter  seasons,  reckoning  from  equinox 
iqainoxy  which  has  not  hitherto  been  taken  due  account  of  in 
DQating  the  effects  of  the  earth's  position  with  reference  to  the 
.  The  author  proves,  by  a  short  calculation  given  in  an  Appendix, 
owing  to  the  obliquity  of  the  ecliptic  the  quantity  of  heat, 
ived  from  the  sun  upon  one  hemisphere  during  its  summer, 
s  to  the  quantity  received  during  its  winter  the  invariable  pro- 
ion  of  63  to  37.  This  will  be  the  case  always,  whatever  be 
position  of  the  equinoctial  line  with  respect  to  the  major  axis  of 
orbit,  and  whatever  be  the  eccentricity  of  the  orbit  He  points 
that,  in  consequence  of  an  inadvertence  in  a  statement  in 
whel's  Outlines  of  Astronomy,  the  proportion  has  hitherto  been 
rded  as  one  of  equality ;  and  it  is  obvious  how  great  a  difference 
consideration  will  make  in  estimating  climatic  effects, 
be  greatest  eccentricity  which  the  earth's  orbit  can  have  is  about 
When  with  this  eccentricity  winter  in  the  northern  hemi- 
re  occurs  in  aphelion,  taking  the  mean  daily  heat  for  the  whole 
received  by  that  hemisphere,  as  unity,  the  mean  daily  heat 
[ved  by  it  in  a  short  summer  of  166  days  will  be  represented 
•38  ;  and  the  mean  daily  heat  received  in  its  long  winter  of  199 
will  be  only  0*68.  This,  the  author  says,  will  produce  a  severe 
!al  epoch,  when  the  summers  will  be  short  and  very  hot,  and 
vinters  long  and  very  cold.  While  the  eccentricity  remains  the 
I  (for  it  changes  very  slowly)  when  the  axis  of  the  earth  is  next 
ed  round  by  precession  until  the  winter  occurs  in  perihelion,  the 
I  daily  heat  received  in  a  long  summer  of  199  days  will  be  I'lG, 
in  a  short  winter  of  166  days  will  be  0-81.  This  he  believes 
produce  an  interglacial  period — interglacial  because  two  or 
>  such  reverses  may  occur  before  the  eccentricity  is  sensibly 
sd.  It  must  be  remembered  that  the  unit  of  heat  here  used  is 
ry  large  one,  being  that  which  raises  the  mean  temperature  of 
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the  hemisphere  from  that  of  space  to  that  which  it  actoally  has, 
which  rise  may  be  perhaps  measured  by  300°  F. ;  so  that  O'l  may 
represent  a  difference  of  30°  F.  The  above  may  suffice  to  point  out 
the  importance  of  the  work  in  regard  to  the  astronomical  theory  of 
the  Glacial  epoch.     It  adds  fresh  force  to  Dr.  CroU's  hypothesis. 

There  appears  to  be  a  slip  at  p.  95,  where  it  is  said  that,  *'  with 
the  present  eccentricity  of  the  Earth's  orbit,  the  greatest  possible 
difference  between  summer  and  winter  would  amount  to  33  days,  etc*' 
Such  a  difference  could  only  occur  when  the  eccentricity  had  iis 
hi«chest  value  of  0*07,  whereas  at  present  its  valae  is  only  about  0017. 

Sir  Robert  Ball  does  not  venture  to  say  when  the  last  ice  age  took 
place,  nor  when  the  next  may  be  expected;  but  only  that,  when 
they  do  occur,  they  will  be  separated  by  21,000  years,  with  inter- 
glacial  periods  intervening.  Prof.  Darwin,  in  his  notice  of  this  book 
in  "Nature,"  Jan.  28,  regrets  this  reticence,  and  inquires  whether 
Leverrier's  formulae,  which  CroU  used,  may  not  be  relied  on  to  give 
an  approximation  to  the  value  of  the  eccentricity  for  about  100,000 
years  in  the  past.  Croll  constructed  an  elaborate  chart,  showing  the 
eccentricity  for  three  millions  of  years  in  the  past,  and  one  million 
in  the  future.  Considering  the  enormous  labour  with  slight  mathe- 
matical powers  at  his  disposal,  it  makes  one  sad  to  think  that  much 
of  this  labour  was  not  more  profitable ;  but  if  the  formulie  can  he 
depended  on  for  200,000  years  in  the  past,  an  eccentricity  of  0*0669 
occurred  at  about  that  date,  which,  on  his  hypothesis,  might  have 
been  sufficient  to  bring  about  the  Glacial  epoch.* 

Looked  at  from  the  geologist's  point  of  view,  this  book  seems 
rather  too  triumphant.  The  author  appears  to  think  there  are  fewer 
difficulties  remaining  than  the  geologist  would  admit  For  instance, 
he  attributes  the  climate  of  what  are  now  Arctic  regions,  at  the  time 
when  a  luxuriant  flora  flourished  there,  to  an  interglacial  period. 
But,  seeing  that  a  single  night  of  severe  frost  will  kill  a  fig-tree, 
it  is  hardly  credible  that,  even  with  a  short  winter  and  a  nearer 
sun.  frosts  should  never  have  occurred  at  a  place  within  the  Arctic 
circle,  which  would  have  been  fatal  to  such  vegetation.*  Again,  he 
points  out  that  the  astronomical  theory  necessitates  the  recurrence 
of  glacial  epochs  through  all  past  geological  time,  and  to  explain 
away  the  objection  that  glacial  deposits  and  scratched  stones  are 
not  to  be  met  with  to  testify  to  their  frequent  recurrence,  he  refers 
to  the  unconsolidated  and  perishable  nature  of  such  deposits.  But 
Till  and  Boulder-clay  are  less  destructible  than  many  clays,  and 
other  unconsolidated  deposits,  which  have  been  buried  again  and 
again  under  newer  strata  without  being  disturbed ;  and  they  oocar 
in  India  possibly  in  Palax)zoic  strata.^ 

Other  points  will  occur  to  the  geologist  where  difficulties  appear 
to  be  passed  over.     But  although  a  few  passages  betray  that  '*The 

*  See  a  paper  on  the  Ages  of  the  Trail  and  Warp  by  the  writer,  Gbol.  Mao. 
Vol.  IV.  pp.  193-199,  1867. 

*  See  discussion  on  Prof.  0.  Heer's  paper  on  fossil  plants  from  North  Grinnell 
Land ;  Quart.  Joum.  Geol.  Soc.  1878,  toI.  34,  p.  70. 

*  Quart  Jonni.  GeoL  Soc.  1878,  tqI.  34,  p.  375. 
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Caase  of  an  loe  Age ''  is  not  the  production  of  a  profeeaed  brother 
of  the  hammer,  nevertherless  it  will  well  repay  perusal,  and  all 
most  acknowledge  that  a  valuable  contribution  has  been  made  by  a 
distinguished  ally,  bearing  upon  one  of  the  most  difficult  problems 
of  oar  science.  0.  Fishes. 

11. — Paljbozoic  Fishes. 

1.  Ox  THS  Chabaotebs  of  some  Paueozoic  Fishes.  By  E.  D. 
Cope.  Proo.  United  States  National  Museum,  Vol.  XIV.  (1891), 
pp.  447-463,  Pis.  XXVIII.-XXX11I. 

2.  IJebeb  Ptsricbthts.     By  J.  Vigtob  BopoN.     Verhandl.  Buss. 

Kais.  Mineral.  Ges.  St.  Petersburg,  Vol.  XXVIII.  (1891),  pp. 
[1-25  reprint],  PL  VII. 

OUR  knowledge  of  the  Palsdozoio  Fishes  is  still  progressing 
rapidly  both  in  Europe  and  America,  and  we  have  lately 
received  the  two  papers  on  this  subject  quoted  above.  Prof.  Cope's 
communication  is  divided  into  seven  parts,  and  deals  with  several 
important  types ;  Dr.  Bohon's  work  is  chiefly  an  examination  of  the 
histological  structure  of  the  shield  of  Pterichthys. 

The  first  fossils  noticed  by  Prof.  Cope  are  referable  to  Elasmo- 
branchii.  A  detatched  tooth  from  the  supposed  Permian  of  eastern 
Nebraska,  named  Stypiobasia  Knightiana^  is  very  remarkable  on 
account  of  the  small  size  of  its  base  of  insertion ;  we  should,  indeed, 
prefer  to  have  some  informaticm  as  to  its  microscopical  structure 
before  accepting  the  fossil  definitely  sus  an  Elasmobraiich  tooth. 
A  typical  spine  of  Ctenacauthus  {C,  amhiyxiphias,  sp.  no  v.)  from  the 
Permian  of  Texas  is  a  noteworthy  discovery ;  and  the  first  truly 
hybodont  fin-spine  met  with  in  the  New  World  {Hybodus  regularUy 
8p.  nov.)  is  also  of  much  interest,  though  it  is  not  Palaeozoic,  being 
from  the  supposed  Trias  of  Baylor  County,  Texas. 

llie  Elasmobranch  fragments  are  only  of  limited  importance,  but 
Prof.  Cope's  description  of  the  cranium  of  Mncropetalichthys — one 
of  the  most  remarkable  and  least  understood  American  Arthrodira  or 
**  Placoderms  " — tends  towards  a  considerable  advance  in  our  know- 
ledge of  the  great  extinct  group  of  fishes  to  which  it  belongs.  As 
pointed  out  by  Prof.  Cope,  this  genus  is  not  related  in  any  way  to 
the  Sturgeons,  notwithstanding  the  contrary  assertions  ot'  several 
observers ;  and  the  plates  of  the  head-shield  are  shown  to  be 
arranged  much  as  in  Cocrosteus^  Dtnichthya,  and  the  other  Arthrodira. 
The  hinder  part  of  this  shield,  it  is  stated,  *'  does  j[iot  seem  to  have 
protected  the  brain,  but  rather  the  anterior  part  of  the  vertebral 
axis,  and  seems  to  have  been  a  nuchal  plate."  Exactly  the  same 
opinion  has  already  been  expressed  in  reference  to  the  so-called 
"occipital  region"  of  the  Scottish  Homosteus  (Proc.  Zool.  Soo.  1891, 
pp.  198—201).  ITie  base  of  the  cranium  in  an  Arthrodiran  is  now 
described  for  the  first  time,  Professor  Cope's  specimens  of  Macro- 
petalichthyB  displaying  a  good  deal  of  this  region ;  and  the  detailed 
anatomical  description  is  followed  by  a  discussion  of  the  relationships 
of  this  type  of  fish  in  the  light  of  the  new  facts  adduced.     On  the 
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whole.  Prof.  Cope  is  inclined  to  accept  the  condiuion  arriTed  at  in 
the  Britiflh  Mnseam  Catalogne  of  Fossil  Fishes;  namely,  that  the 
Arthrodira  are  extremely  specialized  DipnoL  "  The  nnchal  portion 
[of  the  head-shield  of  Macropetalich'hgM]  with  its  lateral  nuchal 
elements  is  represented  hy  the  cartilaginous  mass  which  extends 
posterior  to  the  median  occipital  hone  in  Ceratodw,  in  which  this 
region  has  very  mach  the  form  of  the  nnchal  shield  in  Maer<h 
petalichthys,  although  it  is  relatively  shorter.  The  chordal  groove 
with  its  deMcending  laminae  resemhles  much  the  prodnced  occipital 
lK>ne  of  Lepidosiren.  The  parasphenoid  in  hoth  Lepidosiren  and 
Ceratodus  is  produced  posteriorly  ahnormally,  and  it  is  only  necessary 
to  imagine  this  part  to  he  reduced  to  its  normal  length  to  have  the 
conditions  found  in  Macropetalichthys.  The  hroad  parasphenoid  and 
vomer  remind  one  of  that  of  Ctenodus,  As  I  have  shown  that 
MacropetaUch(hy$  is  allied  to  DinichihySt  we  can  add  in  favour  of 
the  supposition  of  affinity  to  the  Dipnoi  the  peculiar  dentition  of 
that  genus.  The  ectetranierous  structure  of  the  dorsal  fin  shown 
by  Von  Koenen  and  Traquair  to  exist  in  CoeeosteuB,  and  shown  to 
be  probably  present  in  Dinichthys  by  Newberry,  are  in  favour  of  the 
Dipnoan  theory." 

Prof.  Cope  evidently  continues  in  the  belief  that  Ptertchthys  and 
its  allies  have  no  connexion  whatever  with  the  Arthrodira;  and 
the  researches  of  Dr.  Hohon  quoted  above  come  as  a  welcome  con- 
firmation of  this  view.  Dr.  Rohon  points  out  that  the  histological 
structure  of  the  shield  of  Pierichlhys  is  very  different  from  that  of 
CoccosteuSf  and  closely  similar  to  that  of  Pieraspis,  Tremataspis,  and 
their  allies.  Tliis  result  also  confirms  the  arrangement  of  the  early 
fishes  in  question  in  the  second  part  of  the  British  Museum  Catalogue. 

Prof.  Cope*s  remarks  on  the  limbs  of  Hohnema  and  MegalichihySf 
however,  are  far  from  satisfactory.  In  the  first  place,  we  venture 
to  re-affirm  that  the  so-called  dorsal  shield  of  Holonema  is  really  the 
ventral  shield  turned  the  wrong  way  forwards;  and  the  genus 
belongs  to  the  Arthrodira,  not  to  the  Ostracodermi.  llie  limb 
referred  by  Prof.  Cope  to  Holonema  is  the  distal  segment  of  the  arm 
of  Bothrtolepist  originally  named  Stenacantltus  by  Leidy.  It  is  stated 
that  **  the  spine  differs  from  that  of  both  Bolhriolepis  and  Plerichthys 
in  being  without  complete  segmentation ;  '*  on  the  other  hand,  we 
may  remark,  the  distal  half  of  the  arm  of  Bolhriolepis  is  nearly 
always  incompletely  segmented.  With  regard  to  the  paired  fins  of 
Megalicldhysy  which  are  said  to  "  approach  those  of  the  Arthrodira 
very  distinctly,"  we  venture  to  assert,  from  a  knowledge  of  other 
08teolepid£e,  that  the  apparent  simplicity  of  the  arrangement  of  the 
cartilages  in  Prof.  Cope's  specimens  is  due  to  imperfect  preservation, 
while  the  paired  limbs  of  the  Arthrodira  are  far  too  imperfectly 
known  to  admit  of  comparison. 

The  final  result  of  Prof.  Cope's  researches  in  the  Crossopterygian 
ganoids  is  of  great  interest,  and  briefly  summarized  in  an  amended 
clnssifioation,  which  we  propose  to  consider  elsewhere  on  a  future 
oenasion.  The  Professor  is  at  last  converted  to  the  belief  that  the 
PaliBoniBoidsd  and  Platysomidaa  are  closely  related  to  the  primitive 
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Sturgeons ;  and  he  concludes  his  memoir  by  the  description  of  two 
new  8(>ecie8  of  Piatysomus,  one  from  the  Permian  of  the  Southern 
Indian  Territory,  the  other  from  the  Coal-Measures  of  Mazon  Creek, 
IllinoiB.  A.  S.  W. 

m. — Th«  Story  op  thb  Hills  :  A  Popdlab  Account  op  Mountains 
AND  How  THEY  WERE  Made.  By  Rev.  H.  N.  Hutchinson,  B.A., 
F.G.S.     (London,  Seeley  &  Co.,  1892.) 

POPULAB  works  on  geology  are  rapidly  multiplying,  and  it 
becomes  more  and  more  difficult  to  devise  any  new  method  of 
treatment  of  the  subject  Mr.  Hutchinson's  little  book,  however, 
is  a  pleasing  novel  version  of  the  old  story,  interwoven  with  much 
interesting  information  outside  the  geologist's  sphere  and  illustrated 
by  very  beautiful  photographs  of  scenery.  There  are  also  numerous 
extracts  from  Suskin's  "  Modern  Painters,"  from  Geikie's  **  Scenery 
of  Scotland,"  and  from  other  well-known  prose-writers  and  poets 
that  help  to  enliven  the  volume.  Mr.  Hutchinson's  style  is  terse 
and  clear,  without  technicalities,  and  thus  precisely  adapted  to  the 
general  reader  for  whom  the  "  Story  "  is  intended. 

The  first  section  of  the  book  deals  with  mountains  as  they  are. 
The  functions  of  mountains  as  barriers  between  races  of  men,  as 
retreats  for  conquered  tribes,  and  as  influencing  climate,  are  treated 
in  succession.  Mountain  plants  and  animals  are  then  discussed, 
with  special  reference  to  the  Alps  of  Central  Europe. 

The  second  and  larger  section  of  the  book  is  concerned  with  the 
manner  in  which  mountains  were  made,  and  is  purely  geological. 
Mr.  Hutchinson  compares  the  making  of  a  mountain  with  the 
building  of  a  cathedral,  describing  in  succession  the  three  processes 
of  "  transportation,  elevation,  and  ornamentation  "  of  the  materials. 
Volcanic  mountains  also  have  a  special  chapter ;  and  the  volume 
concludes  with  some  general  considerations  on  the  age  of  mountains. 

On  all  points  the  infonnatiou  is  varied  and  well  up  to  date,  and 
Mr.  Hutchinson's  little  book  may  be  recommended  alike  to  the 
school-boy  naturalist  and  to  the  ordinary  mountain-climber  who 
desires  to  know  something  of  the  nature  of  the  peaks  and  passes 
among  which  he  spends  his  holiday. 


IV. — Catalogue  op  the  Type  Fossils  in  the  Woodwardian 
Museum,  Cambridge.  By  Hbnky  Woods,  B.A.,  F.G.S.  (Cam- 
bridge, University  Press,  1891.) 

THE  Woodwardian  Museum  contains  so  large  a  series  of  fossils  to 
which  reference  has  been  made  in  published  works,  that  a 
Catalogue  like  the  present  will  prove  of  much  value  to  all  who  are 
actively  engaged  in  palaeontological  research.  More  especially  is 
this  the  case,  since  the  Woodwardian  Professor  has  full  power  to 
exercise  his  discretion  in  lending  the  specimens  under  his  charge 
to  competent  investigators  far  from  the  University  of  Cambridge. 
It  is  now  possible  to  determine  at  a  glance  whether  or  not  any 
particular  type  or  described  specimen  occurs  iu  the  Woodwardian 
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oollection,  and  macfa  labour  and  tiine  will  thna  be  asred  in  makiiig 
enqniriea. 

The  Catalo^e  ia  prefaced  bj  aome  general  lemarka  bj  Profeaair 
Hogbea,  wbo  directa  attention  to  the  historical  interest  of  some  of 
the  olHer  collect  ions  in  the  MoMom.  Tlie  original  cabinet  of  Dr. 
John  Woodward  incladea  that  of  the  Sicilian  nataralist,  Agostiao 
Scilla,  bom  in  1639;  and  another  collection  of  the  teTenteentk 
oentary  is  that  of  Liiiter,  who  opposed  the  riewa  of  Scilla  in  an 
article  entitled  "  De  Concbitis  sive  Lapidibas  qni  qoandam  simili- 
tadinem  cam  concLis  marinis  habeant.^'  The«e  are  not  catalogued 
in  the  Tolume  before  us,  which  deals  onlj  with  the  collections  of 
the  present  century. 

Of  the  principal  modem  collections  an  alphabetical  list  is  given 
in  the  Introduction.     Numerous  Upper  Carboniferous  fossils  were 
obtained  from  the  late  Mr.  John  Aitken.     A  series  of  specimens 
from  the  Palaeozoic  formations  of  Bohemia  was  purchased  from  M. 
Barrande  in  1856.     The  collection  of  Mr.  J.  H.  Burrows,  purchased 
in  1872,  comprises  Mollnsca  and  Brachiopoda  from  the  Carboniferous 
Limestone  of  Settle.     The  De  Stefani  collection  of  Italian  Pliocene 
fossils  was  purchased  in  1 882 :  and  a  fine  series  of  British  Pliocene 
fossils,  with  others  from  the  Cretaceous  and  Upper  Jurassic,  formed 
by  Mr.  Montagu  Smith,  was  presented  in  1883.     Mr.  Kinsey  Dover 
presented  his  cabinet  of  Trilobites  and  Graptolites  from  the  Skiddaw 
Slates  in  1890 ;  and  the  Rev.  0.  Fisher  has  long  been  a  generous 
donor  to  the  Museum  in  many  departments.     Other  donations  are 
the  Forbes- Young  collection  of  Chalk  fossils,  the  Groodman  collec- 
tion   of  Tertiary    fossils,    and    the    Walton    collection    of    British 
Jurassic   fossils.     The   series  of  Corals,  Trilobites,  etc,  from   the 
Wenlock   Limestone,    collected    by  Captain  T.   W.    Fletcher ;    the 
Cretaceous  collection  of  the  Rev.  T.  Magee ;  and  the  large  collection 
of  Mr.  John  Leckenby,  from  the  Jurassic  and  Cretaceous  of  York- 
shire, are  other  important  purchases.    Many  fossils,  chiefly  Molluscs 
and  Brachiopoda,  from  the  Inferior  Oolite  of  Somerset  and  Dorset, 
were  purchased  from  Mr.  H.  Monk  in   1885;  and  the  large  and 
varied  collection  of  the  late  Mr.  H.  E.  Strickland  was  l>equeathed 
in  1888.     By  the  purchase  of  part  of  Count  Miinster's  collection  in 
1840,  the  Museum  acquired  a  large  series  of  Triassic  and  Jurassic 
fossils  from  the  Continent ;  while  the  donation  of  part  of  Mr.  J. 
Hawkins*  collection  of  Saurians  from   the  Lias  in   1866,  and  the 
purchase  of  Dr  H.  Porter's  collection  of  Saurians  from  the  Oxford 
Clay   of  Peterborough   in  1S66,  made  important  additions  to  the 
series  of  fossil  Yertebrata  in  the  Museum.     Local  fossils  have  been 
obtained  by  innumerable  donations  and  purchases. 

I'he  genera  and  species  in  the  Catalogue  are  arranged  in  alpha- 
betical order  under  their  respective  classes,  and  cross-references 
are  given  to  the  synonyms  introduced.  The  list  everywhere  bears 
evidence  of  most  careful  preparation,  and  the  typography  is  well 
arranged  for  convenience  of  reference.  When  so  much  labour  and 
care  have  been  bestowed,  it  may  appear  ungracious  to  criticize  ;  but 
y/Q  must  express  the  opinion  that  if  Mr.  Woods  had  clearly  dis- 
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tingiiished  between  '*  types "  and  those  specimens  merely  noticed 
Or  fignred,  his  work  woald  have  been  of  much  greater  use.  More* 
OTer,  personal  expressions  of  opinion,  which  may  be  right  or  may 
be  wrong,  seem  quite  out  of  place  in  a  list  of  this  kind,  which 
ought  to  be  nothing  more  than  an  inder  to  the  origin  of  certain 
names  that  have  been  used  in  Systematic  Palssontology. 


OXOLOQIOAL  SOOIBTT  OF   LoNDON. 

L— March  23rd,  1892.-.W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read  : 

1.  '*0n  the  Occurrence  of  the  so-called  Viverra  HastingBia  of 
Hordwell  in  the  French  Phosphorites."'  By  R.  Lydekker,  Esq., 
B.A.,  F.G.S. 

The  author  shows  that  Vivfrra  HastingBiiBy  Davies,  is  common  to 
the  Oligooene  of  France  and  Hordwell,  and  finding  that  there  is  no 
character  by  which  the  lower  jaw  of  the  type  of  the  latter  can  be 
satisfactorily  distinguished  from  the  type  of  V.  angustidens,  Filhol, 
he  considers  that  F.  Hastingna  is  specifically  inseparable  from 
F.  angustidens,  and  figures  the  cranium  which  is  the  subject  of  the 
oommunication  under  the  latter  and  earlier  name. 

He  gives  a  list  of  seven  mammals  known  to  be  common  to  the 
Headon  beds  of  Hordwell  and  the  Isle  of  Wight,  and  the  French 
Phosphorites. 

2.  "Note  on  two  Dinosaurian  Foot-bones  from  the  Wealden." 
By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

In  this  paper  the  third  right  metapodial  (metacarpal?)  and  an 
associated  phalangeal  of  a  Sauropodous  Dinosaur,  oI)tained  by  Mr. 
C.  Dawson  from  the  bone-bed  of  the  Wadhurst  Clay,  are  described, 
and  referred  with  doubt  to  Morosaurus, 

The  author  also  discusses  the  relationship  of  Acanthopholis  platypus 
from  the  Cambridge  Greensand. 

3.  "On  the  Microscopic  Structure,  and  residues  insoluble  in 
Hydrochloric  Acid,  in  the  Devonian  Limestone  of  South  Devon." 
By  Edw.  Wethered,  Esq.,  F.G.S.,  F.C.S.,  F.R.M.S. 

Microscopic  examination  of  the  Devonian  Limestones  of  South 
Devon  shows  that  they  have  been  built  up  by  calcareous  organisms, 
but  that  the  outlines  of  the  structure  have  for  the  most  part  become 
obliterated  by  molecular  changes,  and  the  limestones  are  often 
rendered  crystalline.  In  connexion  with  this  the  author  alludes  to 
the  disturbiinces  which  have  affected  the  limestones.  He  finds 
occasional  rhombohedra  of  dolomite,  and  discusses  the  probability 
of  their  derivation  from  magnesian  silicates  contained  in  the  rocks. 

A  description  of  the  insoluble  residues  follows.  The  micas,  the 
author  considers,  may  be  of  detrital  origin,  but  this  is  by  no  means 
certain ;  he  is  disposed  to  consider  that  the  zircons,  tourmaline,  and 
ordinary  rutile  were  liberated  by  the  decomposition  of  crystals  in 
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which  they  were  originally  indaded.  Minute  crystals,  referred  to 
as  '  miorolithiG  needles,'  resemble  '  clay-slate  needles,'  bat  are  not 
always  straight :  tbey  ocoar  in  every  fine  residue,  and  as  inclusious 
in  siliceous  and  micaceous  flakes.  The  siliceous  fragments  whicli 
enclose  them  frequently  contain  many  liquid  inclusions,  which  does 
not  necessarily  imply  any  connexion  between  the  two,  though  there 
may  possibly  be  some  connexion.  Micro-crystals  of  quartz  occur, 
and  have  been  derived  from  decomposing  silicates. 


IL— April  6,  1892.— W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read: 

1 .  "  Geology  of  the  Gold-bearing  liocks  of  the  Southern  Trans- 
vaal."    By  Walcot  Gibson,  Esq.,  P.G.S. 

The  author  describes  the  general  characteristics  of  the  rocks  of 
the  Southern  Transvaal,  and  gives  a  summary  of  previous  work  on 
the  area;  he  then  discusses  the  physical  relations  of  the  gold- 
bearing  conglomerates  and  associated  rocks  in  the  Witwatersrandt 
district,  and  describes  the  various  rocks  in  detail. 

He  concludes  that  the  gold-bearing  conglomerates  and  the 
quartzites  and  shales  of  the  Witwatersrandt  district  (which  have 
undergtme  considerable  metamorphism)  form  one  series,  of  which 
the  base  and  summit  are  not  seen ;  that  this  series  is  much  newer 
than  the  gneisses  and  granites  on  the  eroded  edges  of  which  they 
rest,  and  older  than  the  coal-bearing  beds  which  unconformably 
overlie  them  ;  that  the  entire  series  associated  with  the  gold-bearing 
beds  has  been  thrust  over  the  gneisses,  and  was  not  originally 
deposited  in  its  present  position,  the  movements  having  taken  place 
in  two  directions,  viz.  from  south  to  north  and  from  east  to  west; 
that,  after  the  cessation  of  these  movements,  the  strata  were  injected 
with  basic  and  sub-basic  igneous  material,  and  much  of  the  country 
was  flooded  with  lavas  of  the  same  character;  and  that  the  con- 
glomerates have  been  formed  mainly  at  the  expense  of  the  under- 
lying granites,  and  gneisses  which  were  largely  threaded  with 
auriferous  quartz- veins  and  contained  larger  masses  of  quartz. 

I'he  author  then  describes  the  geology  of  districts  outside  the 
typiced  area,  which,  though  at  first  sight  more  complex,  are  really 
simpler  than  that  of  the  typical  area.  The  conclusions  arrived  at 
from  an  examination  of  these  areas  confirm  the  results  of  the  study 
of  the  rocks  of  the  Witwatersrandt  district. 

2.  "The  Precipitation  and  Deposition  of  Sea-borne  Sediment" 
By  R.  G.  Mackley  Browne,  Esq.,  F.G.S. 

The  author  discusses  the  mode  of  deposition  of  current-borne 
sediment  upon  the  ocean-floors,  and  considers  the  efleots  of  curi-ent- 
action  in  sifting  the  material  and  causing  it  to  accumulate  into 
stratified  linear  ridges  having  directions  generally  parallel  with 
those  of  the  currenU — the  dip  of  the  strata  varying  according  to  the 
velocity  of  the  currents.  He  considers  that  the  conclusions  deducible 
from  his  analysis  ap|>ear  to  be  in  accord  with  the  evidence  afforded 
\>y  the  structure  of  ancient  subaqueous  sedimentary  deposits. 
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ABCHiEAN  LIHESTONES  OM  THE  FLANK  OF  THE  MALYERK 

BA^GE. 

Sir, — ^The  works  whioh  have  been  in  progress  for  some  weeks 
nrthe  new  reseryoir  of  the  Great  Malvern  Waterworks  on  the  north- 
east flank  of  the  Hereford  Beacon  have  already  brought  to  light  a 
act  of  no  inoonsiderable  importance  in  its  bearing  upon  the  geology 
»f  this  most  interesting  region.  Briefly  it  may  be  described  as 
bllowB : — The  reservoir  is  to  be  formed  by  a  huge  dam  to  be  con- 
tnicted  across  the  deep  valley  which  runs  down  from  the  north- 
ABtem  flank  of  the  Beacon,  between  the  two  most  northerly  of  the 
oar  spurs  or  buttresses  which  most  geological  writers  on  the 
listrict  have  noticed  abutting  upon  the  Triassic  plain  of  the  Severn. 
t  is  in  the  deep  wide  trench  which  has  been  excavated  for  the 
randations  of  this  dam  that  the  limestone  is  best  exposed.  The 
ock  is  a  compact  crystalline  limestone,  with  a  more  or  less  distinct 
edding,  though  much  jointed  in  all  directions,  as  if  by  incipient 
rushing,  probably  somewhat  dolomitic,  of  a  light-grey  colour  on 
resh  fractures,  but  in  the  more  decomposed  portions  stained  with 
xides  of  the  heavier  metals ;  secondary  crystals  of  calcite  are  often 
)rmed  in  quantity  on  the  divisional  planes  of  the  rock. 

Of  the  age  of  the  rock  (which  so  far  appears  to  be  absolutely 
nfossiliferous)  there  cannot  be  very  much  doubt  As  the  fleld- 
Blations  show  that  it  cannot  be  younger  than  the  complex  of  lavas 
ud  altered  tuflls  and  volcanic  muds  of  the  hills  between  which  the 
alley  lies,  a  complex  of  rocks  which  two  of  the  most  capable 
iidges  on  this  question  (Drs.  Callaway  and  Hicks)  refer  to  the 
^ehidian  (later  Archaean).  My  first  visit  to  the  spot  was  in  company 
nth  Dr.  Callaway,  about  a  week  ago ;  and  the  suggestion  that  the 
ock  is  one  **  aruhasan  limestone  of  chemical  origin  "  was  made  by 
im.  On  a  second  visit  yesterday  with  my  friend  Mr.  H.  D.  Acland, 
f  Malvern,  I  was  able  to  follow  the  exposition  which  the  foreman 
f  the  works  gave  of  its  position  in  relation  to  what  he  called  the 
whin-rock."  It  strikes  nearly  north-west,  and  dips  at  an  angle  of 
bout  80°.  It  alternates  with  the  "  whin -rock,"  which  seems  related 
3  it  as  an  "  interbedded  trap  "  (as  if  the  two  rocks  were  contempor- 
neous  portions  of  the  Pebidian  series  of  this  locality),  or  possibly, 
rem  the  fact  stated  to  us  that  tlie  limestone  is  **  softer  and  easier  to 
irork  against  the  "whin"  (as  if  the  latter  were  intrusive),  even 
omewhat  older  than  the  volcanic  series.  Macroscopic  examination 
f  some  specimens  seemed,  however,  to  indicate  crontemporaneity  by 
he  apparent  presence  of  pyroclastic  materials  in  some  portions  of 
lie  limestone. 

The  presence  of  limest(mes  (even  massive  limestones)  in  the  later 
Irchasans  is  known ;  and  until  quite  recently  it  was  generally 
ssumed  in  this  country  that  they  ilhistrate  those  extreme  views  of 
'  regional  metaraorphism  "  so  much  in  vogue,  the  nietamorphisni 
laving  been  so  complete  in  such  cases  as  to  have  obliterated  all 
races  of  organic  remains.     In  18S8  I  challenged  that  view,  on  the 
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ground  of  the  mach  greater  probability  of  a  directly  mineral  on'j/ia 

of  such  limestones,  as  the  necessary  result  of  chemical  reaction^ 

which  a  common -sense  application  of  known  laws  of  thermal  and 

general   chemistry  tells  us  must  have   taken   place   in  the  earlier 

("pre-oceanic")  stage  of  the  history  of  our  earth.     This  was  put 

plainly  enough  before  the  geological  world  in  my  *'  Metamorpbisoi 

of  Rocks"  (Longmans,  1889),  pages  6-16;  and  it  is  needless  that 

I  should  do  more  now  than  refer  the  reader  to  that  work,  so  far  ai 

oonoems  the  theoretical  bearings  of  the  facts  here  narrated. 

Malvern.  A.  Ikyimg. 

Uth  April,  1892. 

REPLY  TO  PROF.  J.  F.  BLAKE. 

Sib, — There  is  only  one  point  in  Prof.  Blake's  reply  in  yoQT 
April   Number   that  I   intend  to   notice.      Prot.   Blake   writes:— 
'*  General  McMahon  says  he  was  considering  capillary  flow  under 
heat  and  pressure,  but  in  his  paper  he  really  only  discusses  the  action 
of  heat,  and  the  piesent  discussion  on  the  effect  of  pressure  is  a 
new  one."     This  statement  is  really  a  very  extraordinary  one.    la 
my  paper  in  the  Gcolooioal  Magazine  (February,  1892,  pp.  74,  To)- 
I  simply  refer  to  statements  regarding  pressure  made  in  my  original 
paper  (Proc.  Geol.  Assoc,  vol.  xi.  pp.  431,  432).     In  this  last  paper 
I  showed  that  pressure  was  a  very  important  factor,  and  I  gave  very 
interesting  statistics  at  pp.  438,  439  (then  published  for  the  first 
time)  supplied  to  me  by  an  eminent  engineer  showing  that  in  the 
case   stated,  the  actual   measured   pressure  at  190  feet  below  th9 
surface,  was  equal  to  the  calculated  pressure,  and  was  no  less  thaa 
80  lbs.  on  the  square  inch. 

I  do  hope  for  the  future  success  of  "The  Annals  of  British. 
Geology,"  that  Prof.  Blake  will  devote  a  little  more  attention  to  the 
mastery  of  the  papers  he  attempts  to  boil  down.  Unless  he  does  so, 
I  am  afraid  that  his  geological  Bovril  will  not  prove  a  very  stimu- 
lating or  nourishing  article. 

20,  Keyern  Square,  C.  A.  McMahon,  Major-Oeneral. 

lO^A  April,  1892. 

CONE-IX-CONE  STRUCTURE. 

Sir, — If  Mr.  Young's  statemcut^  is  meant  to  bo  of  universal  application, 
it  is  certainly  not  borne  out  by  ol)Mervation.  A  radial  arrangement  of  the 
cones  about  a  large  nodule  is,  I  believe,  not  an  uncommon  thing.  Good 
examples  occur  iu  the  Liugula  Flags  of  Borth  near  Portmadoc,  which 
contain  flattened  nodules,  extending  aJoug  the  bedding,  sometimes  several 
feet  long.  Each  is  surrounded  by  a  layer  of  well-characterized  "cone-in- 
coue,"  and  the  apices  of  the  cones  are  directed  inwards  towards  the  nodule, 
so  that  they  iK>iut  downward  on  the  upper  side,  uj)wanl  on  the  lower  side, 
and  hurizoutally  on  the  edges  of  the  nodule.  I  have  noticed  the  same 
thing  on  a  smaller  scale  in  the  shales  of  the  Yorkshire  Lias. 

St.  Joun's  Coll.  Cams.  Alfred  Harkbr. 

*«*  The  Editor  regrets  that,  through  inadvertence,  this  letter  has  been  delayed 
in  publicatiuu. — Edit.  Ueol.  Mao. 

^  See  Geol.  Mao.  for  March  last,  p.  138. 
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I.—On  Cebtain  ArriNiTiES  Between  the  Devonian  Books  of 
South  Deyon  and  the  Metamorphio  Sohists. 

By  A.  E.  Hunt,  M.A. 

Pakt  I. 

(PLATES  VI.  AND  VII.) 

IN  submitting  the  following  paper  to  the  readers  of  the  Geoloqioal 
Magazine,  I  am  conscious  that  Eome  apology  is  needed  for 
entering  upon  so  difficult  a  subject.  My  position  is  as  follows : — In 
1879  the  late  Mr.  E.  B.  Tawney  joined  me  in  the  investigation  of  a 
series  of  detached  blocks  trawled  from  time  to  time  by  the  Brixham 
fishermen.  The  character  of  certain  of  these  stones  having  suggested 
to  Mr.  Tawney  the  idea  that  the  schists  of  South  Devon  might 
possibly  be  of  pre-Cambrian  age,'  he  visited  the  district  in  1880, 
with  the  expectation  of  being  the  first  to  advance  that  hypothesis. 
The  evidence  of  the  schists  themselves  failed  to  satisfy  Mr.  Tawney 
on  the  point  in  question,  and  his  premature  death  prevented  his 
attacking  the  problem  on  a  subsequent  occasion,  as  he  had  hoped  to 
be  able  to  do. 

On  Mr.  Tawney 's  death  in  December,  1882,  Prof.  Bonney  was 
good  enough  to  take  his  place  in  supplying  me  with  microscopic 
analyses  of  the  Channel  blocks.  In  the  following  Easter,  a  week 
spent  among  the  metamorphio  rocks  of  South  Devon  resulted  in  a 
paper  published  in  the  Quarterly  Journal  of  the  Geological  Society, 
in  November  of  the  same  year,  in  which  Prof.  Bonney  expressed 
the  opinion  that  the  South  Devon  schists  might  be  safely  regarded 
"as  Archaean,  and  as  a  prolongation  of  the  massif  so  distinctly 
indicated  in  the  Lizard,  to  which  also  belonged  the  gneiss  of  the 
Eddystone,"  Q.  J.  G.  S.,  vol.  xl.  p.  23. 

It  may  be  observed  that  the  original  investigation  of  the  Channel 
blocks  was  undertaken  for  the  purpose  of  elucidating,  if  possible, 
the  Start  and  Bolt  problem,  and  that  ray  first  paper  was  lent  to 
Mr.  Pengelly  in  MS.  for  use  in  preparing  his  own  paper,  "The 
Metamorphosis  of  the  Rocks  extending  from  Hope  Cove  to  Start 
Bay."  The  two  were  published  in  sequence  at  the  Ilfracombe 
meeting  of  the  Devonshire  Association  in  1879. 

In  1879  Mr.  Pengelly  maintained  the  Devonian  age  of  the  meta- 
morphic  schists.    During  1880-82  Mr.  Tawney  reserved  his  opinion, 

^  Trans.  DoTon  Assoc.  toI.  xxi.  p.  468. 
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having  failed  in  bit  search  for  evidence  of  their  pre-Cambriao  ^ge. 
In  1883  Prof.  Bonney,  without  much  hesitation,  proclaimed  ihd 
Archaean  age  of  these  troublesome  rocks. 

Under  these  circumstances  there  seemed  nothing  for  me  to  do  bat 
to  continue  collecting  facts,  and  to  await  the  issue  of  events. 

In  1887,  1888,  and  1889,  Mr.  A.  Somervail  published  three  papen 
in  the  Transactions  of  the  Devonshire  Association,  in  whidi  be 
suggested  that  the  chlorite  schists  might  be  the  representatives  of 
the  Devonian  diabases  which  appear  on  the  coast  line  of  Start  Bay, 
and  in  the  neighbourhood  of  I^rtmouth. 

Early  in  1891,  Mr.  W.  A«  £.  Ussher  was  good  enough  to  allow 
me  to  accompany  him  on  two  occasions  when  mapping  the  Devonian 
rocks  between  Dartmouth  and  Slapton  Sands.  Being  much  impressed 
by  the  many  obvious  analogies  between  these  rocks  and  the  meta- 
morphic  rocks  further  south,  I  determined  to  examine  and  compare 
as  many  varieties  of  the  two  sets  of  rocks  as  I  could  obtain. 

My  self-appointed  task,  then,  has  been  to  endeavour  to  ascertain 
what  affinities,  if  any,  can  be  detected  between  the  metamorpbio 
rocks  of  South  Devon  and  the  slates  grits  and  volcanic  rocks  which 
lie  to  the  northward  of  them  ;  the  green  rocks  being  compared  with 
the  volcanics,  the  mica-schists  with  the  slates,  and  ^e  quartz-schists 
with  the  fine  grits  or  sandstones. 

At  first  sight  the  quartz-schists  and  grits  seemed  the  least  pro- 
mising of  the  different  rocks  selected  for  comparison ;  but  on  Mr. 
Harker  finding  detrital  tourmaline  in  one  of  the  Devonian  grits,  and 
the  same  mineral  being  subsequently  detected  by  myself  in  a  quartz- 
schist  from  near  Start  Point,  these  siliceous  rocks  took  a  foremost 
place  in  the  investigation. 

The  Quartz-Schists  and  Grits. 

A  geologist  examining  the  classical  area  of  Devonian  rocks  which 
forms  the  northern  shore  of  Torbay  between  Hope's  Nose  and 
Hesketh  Crescent,  will  not  fail  to  notice  the  frequent  interbedding 
of  slates  and  grits  (the  latter  often  in  bands  too  thin  to  be  dignified 
by  the  name  of  sandstone),  and  that  both  rocks  are  often  more  or 
less  micaceous. 

A  slice  of  a  brown  sandstone  from  the  quarry  on  the  path  east  of 
Kilraorie  is  seen  in  the  microscope  to  be  composed  chiefly  of  fine 
grains  of  quartz,  of  which  the  larger  average  about  fij^  inch  in 
diameter,  some  of  them  being  splinters  with  angles  absolutely 
unaffected  by  attrition  or  solution ;  among  these  may  be  noticed  an 
occasional  flake  of  white  mica,  a  few  scattered  fragments  of  tour- 
maline, and  two  or  three  grains  of  triclinic  felspar. 

Another  specimen  from  the  same  quarry  is  a  fine  hard  lead- 
coloured  sandstone  bedded  in  well-marked  larainse,  which  determine 
its  fracture  under  the  hammer ;  the  surfaces  of  these  planes  of 
fracture  being  highly  micaceous. 

I'he  bands  of  grit  between  slates  are  sometimes  crossed  by  quartz- 
veins  which  do  not  invade  the  adjacent  slates. 

In  the  cliffs  at  the  north-east  end  of  Slapton  Sands  we  meet 
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with  slaty  rooks  with  interbedded  grit  bands,  in  which  latter  mica 
is  oocasioDally  very  oonspiouous.  The  rocks  here  are  less  generally 
micaceous  than  those  between  Hope's  Nose  and  Meadfoot  in  Torbay, 
bnt  a  reddish  grit-band  sliced  for  the  microscope  proved  almost 
identical,  except  in  colour,  with  the  brown  Eilmorie  sandstone 
already  mentioned  ;  even  to  a  few  grains  of  triclinic  felspar. 

The  clifiEis  at  Torcross  are  passed  unexamined,  as  there  are  some 
seven  volcanic  bands  of  more  or  less  importance  in  them,  and 
the  sedimentary  rocks  in  consequence  liable  to  intermixture  with 
volcanic  ejectamenta. 

Just  sooth  of  the  village  of  Beesands  some  interesting  grits  occur, 
about  the  spot  where  Sir  Henry  de  la  Beche  placed  the  boundary-line 
of  the  metamorphic  rocks.  Again  we  meet  with  fine  sandstones  and 
interbedded  grits  and  slates,  the  sandstones  and  grits  occasionally 
containing  tourmaline  and  mica,  like  the  rocks  at  the  north-east 
end  of  Slapton  Sands,  and  those  in  Torbay,  already  described. 

At  a  point  on  the  coast,  south  of  Start  Farm  and  west  of  Start 
Lighthouse,  among  schists  much  crushed  and  altered,  there  occur 
occasional  bands  of  quartz-schist,  which  in  general  appearance,  in 
their  constituents  of  quart 2> grains,  mica,  and  tourmaline,  as  well  as 
in  their  intercalation  between  beds  of  a  more  slaty  nature,  recall 
to  mind,  both  macroscopically  and  microscopically,  the  micaceous 
and  tourmaline-bearing  grit- bands  of  Torbay,  Slapton  Sands,  and 
Beesands. 

The  undoubted  Devonian  sandstones  may  be  traced  into  the  un- 
doubted metamorphic  quartz-schists  by  four  independent  lines  of 
inquiry,  viz.  by  way  of  iron  ores,  tourmaline,  mica,  and  quartz. 

Iron  Ores. 

A  slice  of  a  grey  micaceous  sandstone  (No.  5)  from  south  of  Bee- 
sands contains  much  brassy-looking  pyrites  crystallizing  in  cubes, 
rectangular  prisms,  and  derivative  forms.^  The  pyrites  is  occasion- 
ally seen  to  pass  into  red  haematite.  With  strong  oblique  sunlight 
on  the  slide  the  characteristic  colours  of  these  minerals  are  well  seen. 

A  slide  (No.  22)  from  a  grit-band  between  slates  on  the  north 
shore  of  Southpool  Creek,  not  far  from  the  metamorphic  boundary, 
contains  a  minute  rectangular  prism  of  pyrites,  and  flakes  of  red 
haematite. 

In  Hope  Cove,  south  of  Hope  Headland,  and  therefore  within  the 
metamorphic  boundary,  a  siliceous  band  occurs  which,  while  showing 
no  trace  of  its  original  quartz-grains,  retains  its  pyrites  in  cubes  and 
rectangular  prisms.*  The  majority  of  these  crystals  display  the 
brassy  colour  of  pyrites,  and  occasionally  characteristic  strias  are 
seen.  In  one  group  of  twinned  crystals,  a  crystal  is  composed 
partly  of  yellow;  pyrites  and  partly  of  bright  red  haematite — whether 
in  this  case  the  latter  is  a  pseudomprph  or  only  a  surface  incrustation 
is  imcertain. 

In  a  slide  from  one  of  the  slightly  altered  bands  of  quartz-schisfc 
south  of  Start  Farm  (No.  6)  a  cube  ot  red  baematite  occurs  which  is 

1  Plate  VI.  Fig.  3.  2  Plate  VI.  Fig.  4. 
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apparently  a  pseudoniorph  after  pyrites,  as  the  latter  mineral  has 
not  been  noticed  in  either  of  my  nine  slides  of  these  quartz-schists, 
whereas  red  iron  oxides  are  abundant. 

Black  granules  and  streaks,  apparently  magnetite,  occur  in  all 
the  above  four  slides,  but  as  they  in  no  instance  exhibit  the 
characteristic  octahedral  crystallization  of  that  mineral,  their  evidence 
is  only  of  minor  importance.  It  is  well  worthy  of  notice  that  in 
three  of  these  four  slides,  two  being  from  the  metamorphic  district, 
and  one  from  outside  the  boundary,  we  have  pyrites  intimately 
associated  with  haematite,  either  in  the  same  crystal,  or  as  a  pseudo- 
morph ;  and  further,  that  on  either  side  of  the  boundary  we  find 
pyrites  crystallized  in  the  somewhat  uncommon  form  of  rect- 
angular prisms. 

Tourmaline. 

Tourmaline  has  been  noticed  in  ten  slides  from  the  following  six 
Devonian  localities,  viz.  quarry  near  Eilmorie,  Torbay ;  north-east 
end  of  Slapton  Sands;  cliffs  south  of  Beesands ;  grit  band  in  Soathpool 
Creek  ;  near  East  Charleton  ;  and  Aveton  Giffard  :  and  in  eight  slides 
from  two  bands  of  quartz-schist  on  the  coast  south  of  Start  Farm,  in 
the  metamorphic  area.  In  every  case  the  larger  grains  are  clearly  of 
detrital  origin,  the  only  exception  being  in  one  or  two  instances  in 
the  quartz-schist,  where  secondary  tourmaline  has  crystallized  on 
the  original  grains,  and  these  secondary  crystals  have  been  swept  to 
a  distance  by  differential  movements  in  the  rock.^ 

No  alteration  by  pressure  or  solution  has  been  observed  in  the 
tourmaline  grains  in  rocks  north  of  Beesands,  the  first  indication 
noticed  being  south  of  that  village. 

In  a  reddish  grit  containing  much  haematite  (No.  59),  a  well- 
characterized  light-brown  crystal  of  tourmaline  is  broken  sharply  in 
two,  and  slightly  dislocated.  Clear  quartz  fills  the  intervening  gap 
without  in  the  least  dissolving  the  edges  of  the  tourmaline  crystal.' 

A  grain  of  tourmaline  in  another  slide  from  the  same  neighbour- 
hood (No.  5)  is  slightly,  albeit  distinctly,  affected  by  solution,  with 
indications  of  the  re-crystallization  of  secondary  tourmaline. 

In  a  slice  (No.  16)  of  one  of  the  quartz-schist  bands  south  of 
Start  Farm,  two  crystals  of  tourmaline  may  be  especially  noticed : 
one,  a  longitudinal  section,  with  characteristic  transverse  cracks ;  the 
other  a  basal  section.  In  each  case  there  is  a  considerable  growth 
of  secondary  tourmaline  on  the  original  crystals ;  and  in  each  case 
also,  by  a  slight  differential  movement  of  the  rock,  fragments  of 
this  secondary  tourmaline  have  been  detached  and  moved  to  a  small 
distance  from  the  parent  crystal. 

We  have  thus  close  together  in  the  same  field  of  view  detrital 
toui'maline  and  induced  tourmaline.^  The  origin  of  .the  latter  would 
be  obscure,  were  not  all  the  steps  of  the  process  so  clearly  set  forth. 
Tourmaline  occurs  in  many  forms  and  colours ;  but  the  tourmalines 
of  Beesands  and  the  Start  coast  are  identical. 

1  Plate  VI.  Fig.  2.  »  Plate  VI.  Fig.  1.  •  Plate  VI.  Fig.  2. 
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Quartz-grains. 

The  quartz-grains  in  the  sandstones  north  of  Beesands  do  not 
call  for  particalar  notice.  Just  south  of  Beesands  we  have  seen 
quartz  filling  the  interstices  of  a  hroken  tourmaline,  and  in  another 
case  a  grain  of  tourmaline  slightly  affected.  Professor  Bonney's 
description  of  a  rock  from  the  same  locality  seems  exactly  to  cover 
the  case,  viz. :  "  The  rock  has  evidently  heen  much  compressed,  and 
some  slight  amount  of  mineral  change  has  taken  place "  (Q. J.G.S. 
vol.  xl.  p.  18).  An  occasional  quartz-grain  contains  liquid  inclusions 
and  bubhles,  but  without  any  distinguishing  features. 

A  slide  of  a  Devonian  grit-band  from  Southpool  Creek  (N'o.  22) 
contains  more  than  one  qnartz-grain  of  interest  One  grain  showing 
considerable  solution  at  the  edges  abounds  in  hair-like  inclusionH 
together  with  an  occasional  fluid  inclusion  with  bubble.  Another 
grain  is  crowded  with  fluid  inclusions,  some  of  which  contain  very 
active  bubbles,  while  others  take  the  form  of  negative  crystals. 

In  a  slide  (No.  8)  cut  from  the  specimen  of  quartz-schist  from 
Start  Farm,  given  me  by  Mr.  A.  Somervail,  we  find  a  quai*tz-grain 
with  hair-like  inclusions ;  and  in  another  slide  from  the  same  stone 
(No.  10)  we  have  a  grain  with  bubbles  in  negative  crystals.  These 
two  grains  resemble  the  two  in  the  Southpool  Creek  slide  already 
referred  to. 

However,  the  most  interesting  feature  in  the  quartz-schist  lies  in 
the  fact  that  the  rock  has  not  been  submitted  to  pressure  and  beat 
sufficient  to  obliterate  entirely  the  original  tourmalines  and  quartz- 
grains,  and  that  a  comparison  with  the  sandstones  and  grit-handfi 
of  Beesands  and  Southpool  Creek  is  still  possible.  In  the  case 
of  the  quartz-schists  at  the  Bolt  Head,  further  west,  tourmaline 
is  absent,  and  the  obliteration  of  original  structures  in  the  quartz  is 
complete ;  thus  a  comparison  with  the  Devonian  sandstones  on  this 
particular  point  is  not  possible. 

Mica. 

On  first  collecting  the  Devonian  micaceous  sandstones  for  com- 
parison with  the  Start  schists,  the  possibility  that  the  mica  in  either 
case  might  be  detrital  had  not  been  entertained.  On  Mr.  Harker 
pronouncing  the  Slapton  Sands  mica  detrital,^  and  that  in  the  Start 
quartz-schists  possibly  so,*  the  origin  of  the  Devonian  and  metanior- 
phic  micas  became  a  problem  of  importance. 

If  the  metamorphic  rocks  were  micaceous  before  their  alteration, 
the  presence  of  much  of  their  mica  might  be  accounted  for  with 
much  less  dynamical  and  chemical  metamorphosis  than  is  at  present 
demanded  for  them. 

In  the  case  of  the  sandstones  and  quartz-schists,  it  is  easy  to  find 
Devonian  sandstones  much  more  highly  charged  with  mica,  than 
the  Start  quartz-schist  under  consideration,  in  which,  as  Mr.  Harker 
remarks,  the  mineral  is  only  sparingly  present,  e.g.  the  sandstones 
and  grit  bands  of  Eilmorie,  Meadfoot,  Slapton  Sands  and  Beesands, 

I  Appendix,  Slide  J^o.  3.  '  Appendix,  Slide  Ko.  S. 
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to  go  no  further  a-field  than  the  ooaat-line.  Both  the  sandstonflB 
and  quartz-schists  contain  mica  varying  between  the  minoteat  filmy 
flake,  hardly  seen  in  the  microscope,  and  flakes  sufficiently  apparent 
to  the  naked  eye.  Given  a  small  amount  of  solution  in  the  silics 
of  the  qnartz-grainSy  so  that  the  mica  flakes  might  be  free  to  partially 
rearrange  themselves,  and  there  seems  to  be  no  reason  why  the 
Start  quartz-schist  under  consideration  should  not  have  been  derived 
directly  from  such  a  rock  as  the  Kilmorie  sandstone,  without  any 
development  of  newly-formed  mica. 

So  far  as  I  understand  it,  a  theory  held  by  some  is  that  the 
Devonian  slates  and  sandstones  when  micaceous  are  with  very  few 
exceptions  *' Phyllites/'  in  which  the  mica  is  considered  to  bean 
induced  product ;  and  that  the  mica-schists  are  rocks  in  which  the 
mica  has  also  been  induced  but  to  an  incomparably  greater  extent, 
so  that  the  rocks  differ  in  kind.  It  seems,  however,  possible,  that 
the  converse  of  this  may  be  true,  and  that  with  some  exoeptions 
the  mica  in  both  the  Devonian  and  metamorphic  rocks  is,  or  was, 
originally,  detrital,  the  deposition  of  micaceous  sediment  being  much 
more  general  in  the  southern  area  than  further  north.  Irregular 
deposition  is  occasionally  exemplified  in  the  Torbay  rocks,  in  which 
worm-tracks  in  slates  are  filled  with  fine  micaceous  silt. 

In  the  foregoing  pages  the  iron  ores,  tourmaline,  micas,  and 
quartz-grains  of  the  Devonian  sandstones  have  been  connected  with 
the  iron  ores,  tourmaline,  micas,  and  quartz-grains  of  the  meta- 
morphic quartz-schists.  It  cannot  be  doubted  that  were  the  rocks 
further  examined  by  a  competent  mineralogist,  other  points  of  re- 
semblance would  be  noticed,  for  minute  grains  of  felspar,  unless 
well  defined,  and  the  rarer  minerals,  are  beyond  the  power  of  my 
microscope  and  knowledge  to  distinguish. 

One  noticeable  feature  which  the  grits  and  quartz-schists  possess 
in  common  is  the  abundance  of  laminse  of  iron  oxides :  at  Hope*8 
Nose,  black ;  at  Kilmorie,  brown  ;  at  Slapton  Sands,  red ;  at  Bee- 
sands,  black  and  red;  at  the  Start,  black  and  red.  The  colours 
being  probably  due  to  the  brown,  red,  and  black,  oxides  of  iron. 
The  following  remark  of  M.  Daubree  is  worth  noticing,  although 
the  black  oxides  of  the  Start  schists  do  not  take  the  form  of 
crystallized  magnetite : — 

"  Dans  certaines  localites  des  Ardennes,  les  cristaux  de  fer  oxy- 
dule,  qui  irapregnent  les  ardoises  se  sont  loges  suivant  les  longrains, 
et  font  ainsi  ressortir  des  joints  rudimentaii*es  qui,  ailleurs,  ne  sont 
pas  reconnaissables  h  la  vue." — Geol.  Experimentale,  vol.  i.  p.  386. 

At  the  Start  we  find  the  quartz-schist  traversed  by  numerous 
little  cracks  cemented  by  opaque  iron-ores. 

The  Mioa-Sohists  and  Slates. 

The  mica-schists  of  the  metamorphic  district,  as  distinguished  from 
the  schists  in  which  quartz  is  the  most  prominent  mineral,  have  not 
been  examined  to  any  extent. 

One  specimen  of  a  red  schist,  which  I  thought  might  compare 
irith  thc)  red  Devonian  slatet*,  is  descril^  by  Mr.  Barker  as  a  rock 
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-^liioh  **  may  have  been  originally  a  shale  or  slate  with  some  gritty 
hands."  ^  Mr.  Barker  oould  not  have  more  precisely  described  the 
difis  at  the  north-east  end  of  Slapton  Sands,  with  whose  shales  or 
slates  I  desired  to  connect  the  red  mica- schist  from  the  Start,  had 
iie  been  intimately  aoqnainted  with  the  locality  instead  of  being  a 
perfect  stranger  thereto. 

End  of  Fart  I. 

EXPLANATION   OF  PLATES  VI.  and  VIl. 

Plate  VL 

Fio.  1.— CnrBtal  of  tourmaline  in  fine  Devonian  Sandstone,  four  chains  south  of 
Beesands.     (59)  Magnified  about  37  diameters. 

Fio.  2. — Crystal  of  tourmaline  in  quartz -schist,  Start  Farm.  Formation  of 
secondary  tourmaline  with  partial  dislocation  of  same.  (16)  Mag- 
nified about  37  diameters. 

Fio.  3. — Bectangular  iron  pjrites  in  fine  Devonian  Sandstone,  north  of  Tinsey 
Head.     (5)  Magnified  about  18  diameters. 

Fio.  4. — Bectangular  iron  pyrites  in  siliceous  band.  South  of  Hope  Headland. 
(62)  Magnified  about  18  diameters. 

Plate  VII. 

Fio.  1. — Quartz -schist,   Start  Farm.      Remnants  of    original    ouartz    grains. 

(Compare  "  Grain  of  Quartz-sand  in  the  Mica-scbist  of  Arroquhar.** 

Presidential  Address  of  Dr.  Sorby,  F.R.S.,  Proc.  Geol.  Soc.  1880, 

p.  86,  Fi^.  9.)    Magnified  about  12  diameters. 
Fio.  2.  Fine  Devonian  Sandstone,  north  of  Tinsey  Head,  with  scbist-like  alinea- 

tion  of  iron  ores  and  greenish  mica.    Magnified  abont  12  diameters. 

I  am  much  indebted  to  my  friend  Mr.  W.  M.  Baynes,  of  Torquay, 
for  valuable  assistance  in  the  preparation  of  my  photographs  for 
publication. 

{To  he  coniintied.) 


II. — Permian  in  Deyonshikb. 

By  W.  A.  E.  UssHER,  F.G.S.,  btc. 
(By  permission  of  the  Director- General  of  the  Geological  Survey.) 

]N  the  course  of  a  visit  to  the  Hunsruck  district  between  Treves 
and  Bingen  in  the  spring  of  1890,  in  company  with  Professor 
Gosselet,  Mons.  C.  Barrois,  Herr  von  Reinach  and  Herr  Grebe,  I 
Was  struck  by  the  resemblance  displayed  by  the  Permian  quartz 
porphyry  of  the  valley  of  the  Nahe,  between  Birkenfeld  and  Bingen, 
to  fragments  contained  in  the  breccias  of  Teignmouth.  In  discussing 
the  South  Devon  section  with  the  two  gentlemen  last  named,  on 
that  occasion,  they  both  gave  it  as  their  opinion  that  the  lower  beds 
of  the  Devon  section  might  prove  to  be  representatives  of  the 
Rothliegende. 

In  the  pressure  of  other  geological  work,  I  had  no  time  to  carry 
the  matter  further,  until  May,  1891,  when  Herr  von  Eeinach  spent 
a  week  with  me  in  examining  the  South  Devon  coast  section  and  the 
eruptive  rocks  in  the  vicinity  of  Exeter  and  Crediton.  He  then 
expressed  the  opinion  that  certain  parts  of  the  lower  New  Bed  rocks 
of  Devon  corresponded  very  closely  with  members  of  the  German 
Permian,  but  that  this  correspondence  was  not  borne  out  in  con- 

1  Appendix,  Slide  24* 
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seoutive  horizons.  In  the  Teigntnooth  brecciaa  with  nnmerowi 
fragments  of  olaystone  porphyry,  quartz  porphyry,  etc.,  he  detected 
a  strong  resemblance  to  the  Bothliegende  (Upper  Sotemer)  of  the 
Nabe,  above  the  volcanic  horizon  (Grenz  schichten).  In  the  Yolcanic 
rocks  of  the  Exeter  and  Grediton  areas  he  recognized  the  equivalents 
of  the  Grenz  schichten  (Middle  Sotemer).  Herr  von  Heinach  also 
pointed  out  to  me  the  similarity  presented  by  some  of  the  thick  even- 
bedded  red  and  whitish  sandstones  intercalated  with  marls  to  the 
east  of  Exmouth,  to  the  Upper  Banter  Sandstones  of  the  Moselle, 
recalling  to  my  mind  sections  I  had  seen  near  Treves  and  in  the  Eifel. 
On  the  10th  of  last  February  Herr  von  Beinach  wrote  me  as 
follows : — **  Professor  Bucking  had  the  kindness  to  determine  the 
melaphyres  and  tuffs  I  brought  with  me  from  the  environs  of  Exeter. 
As  I  do  not  intend  to  publish  these  facts,  I  authorize  you,  also  in  the 
name  of  Professor  Bucking,  to  make  use  of  this  communication. 
You  know  that  we  have  at  the  Nahe — (1)  Melaphyres  in  the  Older 
Bothliegende  which  are  only  intrusive ;  (2)  Melaphyre  Covers 
(Melaphyr  decken)  which  we  have  only  in  the  Soterner  (Grenz 
schichten)  of  the  Bothliegende.  The  Grenz  Melaphyre  has  been 
divided  by  Lessen  into  Upper,  Middle,  and  Lower,  which  types  are 
generally  the  same  throughout  the  Nahe  district."  Prof.  Bucking's 
identifications  are  as  follows : — 

Spencocombo.  knowle  Hill  (Crediton  VaUey)  {  S  Mftr^ro^i^! 

f  ^&"::;;r''C:^  }  ^elaph^r  with  OUWne. 
Dunchideock,  between  Exeter  and  Chudleigh. — Melaphyr  with  Olivine  and  Bronzite. 
Yeoton,  near  Crediton. — Tuff. 

Herr  von  Reinach  adds:  'The  Dunchideock  Melaphyr  is  identical 
with  our  type  of  the  uppermost  Melaphyr  roof  zone  (Dach  zone)  of 
the  environs  of  Ereutznach  on  the  Nahe.* " 

Although  the  detailed  mapping  of  the  eruptive  rocks  associated 
with  the  New  Bed  of  Devon  was  completed  about  fourteen  years 
ago,  I  have  published  nothing  specially  on  that  subject,  certainly 
not  from  lack  of  materials.  In  1876  Mr.  Rutley  visited  all  the 
chief  localities  with  me,  and  determined  the  rock  for  the  Geological 
Survey;  these  determinations  have  been  lately  confirmed  by  Dr. 
Hatch,  and  they  agree  with  the  determinations  of  Prof.  Biicking; 
of  this  Herr  von  Reinach  was  not  aware,  but  the  fact  rather  enhances 
than  lessens  the  importance  of  the  communication  he  has  so  kindly 
authorized  me  to  impart. 

If  we  assume  the  correlation  of  the  New  Red  volcanic  rooks 
with  the  Grenz-schichten  as  established,  the  probable  correlations 
with  the  Nahe  section  might  be  as  follows : — 

Dawlish  breccias Upper  Rothliegende. 

Teignmouth  breccias     J  Lower  Rothliegende. 

Basalts  Hocal)        >  (Sotemer  beds  with 

Watcomoe  and  Petitor  conglomerates )      volcanic  rocks) . 

It  must,  however,  be  borne  in  mind  that  no  correlations  framed 
on  apartiali  or  even  intimate  acquaintance  with  the  South  Devon  ooast 
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section  onlj,  oan  be  regarded  as  oonclaaive.  The  local  olnsters  of 
Tolcanio  patches  from  Exeter  northwards  may  not  be  on  the  same 
horizon.  As  regards  the  Bunter,  if  we  assume  the  Straight  Point 
(east  of  Exmonth)  Sandstones  to  be  Upper  Bunter,  this  probable 
correlation  favours  the  Middle  Trias  age  assigned  to  the  Lower 
Marls  in  1878.  No  evidence  has  been  adduced  to  invalidate  my 
classification  of  the  Eeuper  from  the  Pebble  beds  of  Budleigh 
Salterton  upwards.  I  may  say  that  Mr.  Geo.  Spencer  Perceval,  in 
three  letters  to  the  "  Western  Morning  News  "  in  1877  or  1878  (I 
forget  which  year),  disputed  my  classification  of  the  Budleigh 
Salterton  Pebble  bed  in  the  Eeuper,  maintaining  that  it  represented 
the  Bunter  Pebble  beds ;  this  naturally  deprives  Prof.  Hull's  recent 
communication  to  the  GeologiccJ  Society  of  the  charm  of  novelty 
lor  me. 

My  old  friend  Mr.  P.  0.  Hutchinson,  of  Sidmouth,  in  1878,  found 
temains  of  an  Equisetum-like  plant  in  greenish  shaly  sandstone  in 
tiie  lower  part  of  the  Eeuper  Marls  near  Sidmouth  ;  this  occurrence 
luggests  a  possible  comparison  with  the  ''  Schilf  (Reed)  sandstone  " 
of  the  Middle  Eeuper  of  the  Eifel.  But  an  Equisetum  (E,  Mougeoti) 
occurs  in  the  Upper  Bunter  sandstone  of  the  Eifel  as  Herr  von 
Reinacb  informs  me,  so  that  no  reliance  can  be  placed  on  this 
suggestion.  I  take  this  opportunity  of  recording  the  recent  dis- 
covery (a  few  months  ago)  of  quartz  porphyry  giving  place  upwards 
and  outwards  to  a  rock  resembling  a  mica  andesite  and  identical 
with  specimens  from  one  of  the  volcanic  patches  associated  with 
the  New  Bed  of  the  Crediton  Valley.  This  discovery  was  made  at 
the  eastern  termination  of  the  Thurlstone  New  Red  Outlier.  In 
connexion  with  it  I  quote  the  following  passage  from  my  paper* 
before  referred  to : — "  The  breccias  frequently  contain  igneous  frag- 
ments distinctly  referable  to  the  destruction  of  such  igneous  patches 
as  those  of  Washfield,  Eellerton,  etc.  The  outflow  of  these  lavas 
seems  generally  to  have  accompanied  or  heralded  the  earliest  deposi- 
tion of  Triassic  sediments  in  the  distiicts  in  which  they  occur ;  nor 
does  it  appear  impossible  that  the  eruption  of  quartz  porphyries  may 
have  been  in  some  way  connected  with  their  appearance.^' 

The  late  Professor  Ramsay  inspected  the  New  Red  Rocks  in  1880, 
and  failed  to  find  any  sufficient  proof  for  the  correlation  of  the  lower 
breccias  with  the  Permian  of  the  Midlands.  There  is  not  a  shred 
of  proof  that  the  two  areas  were  connected  until  the  Eeuper,  and 
probably  at  a  late  stage  in  that  period.  The  Midland  sections  owe 
their  importance  as  a  basis  for  correlation  entirely  to  the  merits  of 
the  assumed  correctness  of  their  classification  with  reference  to  the 
German  types.  For  much  information  on  the  characters  of  the 
German  types  I  am  indebted  to  my  friend  Herr  von  Reinach,  whose 
acquaintance  with  them  is  most  intimate.  Until  I  have  the  oppor- 
tunity of  availing  myself  of  his  kind  offer  to  show  me  the  rocks  on 
the  ground,  or  until  new  facts  are  brought  to  light  in  Devon,  I  fail 
to  see  that  the  literature  of  the  New  Red  Rocks  of  Devon  and  West 

^  Quart.  Journ.  Geol.  Soc.  for  Aug.  1878,  p.  462. 
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Somerset,^  supplemented  by  the  present  oommunieatiotiy  will  be 
benefited  by  the  addition  of  more  speculative  correlations. 

My  friend  Dr.  Hatch  has  kindly  sent  me  the  following  notes  on 
specimens  of  the  New  Bed  Volcanic  rocks  of  South  Devon. 

Notes  on  Sliced  Specimens  of  the  Exeter  **  Traps,^^  in  the  Collection  of 

the  Geological  Survey  at  Jermyn  Street. 

OlivinC'hasalt  or  melaphyre,  composed  of  lath-shaped  striped 
felspars  and  scattered  grains  of  magnetite,  with  calcite,  replacang 
augite,  and  ferruginous  pseudomorphs  after  olivine. 

Localitiee:  Raddon  Court  (No.  951),  Pooombe  (No.  958),  betweea 
Chiphele  and  Budlake  (No.  958),  and  Quarry  near  Crabtree,  Kellertoa 
(No.  945). 

Porphyrite  (Andeeite) :  A  felted  aggregate  of  lath-shaped  and 
mici*olitic  striped  felspars,  with  occasional  porphyritic  crystals  of 
plagioclase.  Localities :  Western  Town,  Ide  (943),  Quarry  N.E.  of 
Knowle,  N.E.  of  Holcombe-Burnell  (946),  and  Knowle  Quarry,  W. 
of  Dunchideock  (949).  The  last  two,  with  rounded  (corroded) 
grains  of  quartz. 

Mica-porphyrite  (Mica-andesile  or  trachyte).  —  Finely  vesicular 
rocks  containing  brown  mica,  imbedded  in  a  minutely  microlitio 
ground-mass,  which  is  generally  rather  obscured  by  the  presence  of 
dusty  magnetite  and  secondary  calcite. 

Localities :  Eellerton  Park  (Nos.  944,  947  and  950).  The  nature 
of  the  felspar  in  these  rocks  is  indeterminable,  but  specimens  from 
Copplestone  (Nos.  957  and  959)  consist  of  a  holocrystalline  aggre- 
gate of  broad  lath-shaped  crystals  of  orthoclase,  flakes  of  brown 
mica  and  magnetite. 


III. — Did  the  Mammoth  Live  Bkfoke,   During,  or  Aftsb  the 

Deposition  of  the  Drift. 

By  Hbnrt  H.  Howorth,  M.P.,  F.G.S.,  etc. 

IN  recent  papers  which  I  have  printed  in  the  Geological 
Magazine  I  have  tried  to  show  that  some  of  the  greatest 
mountain  chains  in  the  world  are  of  very  recent  origin ;  and  that 
this  accounts  for  their  showing  no  traces,  or  very  slight  ones,  of  the 
action  of  ice  on  a  wide-spread  scale. 

I  have,  in  fact,  ventured  to  lay  down  the  conclusion  that  the 
presence  or  absence  of  such  traces  of  ice-action  is  a  test  of  whether 
these  mountains  existed  at  the  so-called  Glacial  period  or  not. 

If  my  view  be  right,  it  follows  that  very  large  masses  of  land 
were  thrown  up  suddenly  or  very  rapidly  in  post-Pliocene  times ; 
and,  if  this  was  so,  it  is  very  probable  that  there  was  a  great  sub- 
sidence of  land  in  other  parts  corresponding  to  this  upheaval.  I 
believe  that  this  can  be  proved,  and  that  it  involves  some  important 

^  Geol.  Mao.  for  April,  1875;  Quart.  Joam.  Geol.  Soc.  Aug.  1864  ;  February, 
1870;  Nov.  1876;  Aug.  1878;  Transactions  of  Devonshire  Association,  1877, 
1878,  1881 ;  and  the  Proceedings  of  the  Somersetshire  Archaeological  and  Natural 
History  Society  for  1809,  vol.  zxxt. 
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find  interesting  considerations  worth  discussiog.  Before  we  can 
deal  effectively  with  this  problem,  however,  we  must  settle  another 
one  equally  important  and  equally  interesting,  to  which  I  propose 
to  devote  a  few  pages,  namely,  the  precise  geological  horizon  where 
we  are  to  pat  the  Mammoth  and  his  companions,  including  Palfieo- 
lithio  man. 

It  is  at  once  a  reproach  to  geology,  and  a  good  proof  of  the 
very  great  difficulty  there  is  in  making  our  way  among  the  latest 
geological  records,  that  there  should  be  any  doubt  upon  such  a 
question.  The  fact  is  nevertheless  so,  and  has  given  rise  to  a  sharp 
polemic  elsewhere  in  quite  recent  years.  I  am  bound  to  say  that 
I  myself  have  changed  my  views  on  the  subject  in  view  of  the 
evidence,  and  have  to  recant  some  phrases  I  once  printed  in  this 
Magazine. 

I  wish  to  speak  with  some  precision  in  the  matter,  and  not  to 
be  misunderstood.  The  point  I  would  discuss  is  not  whether  the 
Mammoth  lived  before,  during,  or  after  the  so-called  Glacial  period, 
but  whether  the  beds  in  which  his  remains  are  found,  when  undis* 
turbed,  underlie  or  overlie  the  Drift,  or  are  intercalated  with  it. 
The  two  questions  are  not,  as  is  often  assumed,  the  same,  and  it  is 
to  the  latter  alone  that  I  wish  my  criticism  to  apply. 

I  must  also  define  the  kind  of  evidence  which  I  alone  think  con* 
elusive.  I  altogether  distrust  any  evidence  on  the  point  except  that 
of  superposition.  Evidence  based  upon  inferences  of  different  kinds  I 
have  always  mistrusted  in  deciding  this  critical  question,  but  I  would 
go  further.  We  must  remember  that  the  Till  or  Boulder-clay  con- 
tains extraneous  bodies  of  different  kinds,  which  are  often  far- 
travelled,  and  sometimes  not  so.  Among  these  bodies  there  may  be 
tree-trunks  or  molar  teeth  of  Elephants,  which  may  be  as  true 
boulders  as  those  of  granite  and  gneiss  and  like  them  derived  from 
elsewhere.  Whatever  theory  we  adopt  in  regard  to  the  Till,  we 
must  concede  that  it  picked  up  far- travelled  debris  in  its  march, 
aud  mixed  it  in  many  cases  with  the  debris  of  the  underlying  beds, 
sometimes  with  Chalk,  sometimes  with  Lias,  sometimes  with  sand- 
stone and  mixed  this  debris  with  the  fossils  from  these  different 
beds.  It  is  further  clear  that  ice  would  take  up  and  convert 
Mammoth  teeth  into  boulders  just  as  readily  as  Ammonites  and 
Belemnites,  and  that  the  former  would  be  no  more  contemporary 
with  the  Till  nor  evidence  of  an  interglacial  climate  than  the  latter 
are.     Let  us  now  turn  to  the  evidence. 

The  earliest  discovery  of  Mammoth  remains  in  Scotland  took 
place  in  the  year  1817.  "When,"  says  Sir  A.  Geikie,  "the  Till 
covering  the  sandstone  at  the  quarry  of  Greenhill  in  the  parish  of 
Kilmaurs,  in  Ayrshire,  had  been  partially  removed,  there  were 
foimd  at  a  depth  of  17^  feet  from  the  surface,  two  Elephant's  tusks. 
.  .  .  The  matrix  in  which  they  were  found  was  a  clay,  which  around 
the  bones  changed  from  its  usual  light  brown  colour  into  a  dark 
brown,  with  a  most  offensive  smell  when  turned  over.  The  tusks 
lay  in  a  horizontal  position  with  several  bones  near  them.  Dr. 
JScouler  visited  the  quarry  about    1840,  and  reports  that  seven 
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more  tusks  had  subsequently  been  found  there  (Trans.  Greol.  See 
Olasgow,  vol.  i.  pt.  2,  pp.  68-69).  Some  antlers  of  the  Reindeer  were 
also  found  along  with  an  Elephant's  tusk  at  this  quarry  {id.  p.  71). 

These  remains  were  found  in  a  clay  containing,  inter  alia,  Astarte 
compressa  and  Ledot-  pygmma,  with  eight  genera  and  nine  species  of 
Foramtnifera,  and  five  genera  and  ten  species  of  Oairacoda,  and  also 
a  number  of  seeds  of  plants  and  fragments  of  beetles.  The  earlier 
writers  described  this  clay  as  Boulder-clay.  Dr.  Bryce,  in  1864, 
opened  some  pits  at  the  place,  and  found  that  the  beds  in  which  the 
remains  occurred  underlie  the  Till,  and  he  put  them  on  the  same 
horizon  as  the  Forest  Bed.  Mr.  Craig  and  Mr.  Young,  in  1869, 
after  a  close  examination  of  the  district  and  the  position  of  the  beds 
in  regard  to  the  Boulder-clay,  satisfied  themselves  that  the  Mammoth 
and  shell-bed  were  pre-Glacial  (see  Trans.  Geol.  Soo.  Glasgow, 
vol.  iii.  p.  310).  The  officers  of  the  Geological  Survey  in  their  com- 
mentary on  Sheet  22  describe  the  bed  as  inter-Glacial ;  but  after 
sifting  the  evidence  again,  and  writing  in  1887,  Mr.  Craig  says: 
**  I  see  no  cause  to  change  the  conclusions  arrived  at  in  our  joint 
paper  of  1869."  Dr.  Bryce's  surmise  that  the  fossiliferous  bed  may 
be  the  equivalent  in  age  of  the  Cromer  Forest  Bed  is,  in  my  opinion, 
not  far  from  being  correct  Elsewhere  he  says  he  places  the  beds 
at  the  very  base  of  the  Glacial  deposits  (Trans.  QeoL  See.  Glasgow, 
vol.  viii.  pp.  213-228). 

According  to  Mr.  J.  Geikie,  these  remains  "  occurred  in  a  peaty 
layer  between  two  thin  beds  of  sand  and  gravel,  overlaid  by  Till  or 
Boulder-clay,  and  resting  directly  on  the  sandstone  rock  of  the  quarry" 
(Great  Ice  Age  "  p.  605). 

A  horn  of  a  Reindeer  was  also  found  in  the  basin  of  the  Endriok, 
in  the  parish  of  Kilmarnock,  about  four  miles  from  Loch  Lomond. 
**  The  section  in  which  it  occurred,"  says  Sir  A.  Geikie,  "  consisted 
first  of  the  vegetable  mould,  then  of  a  stiff  clay  12  feet  thick, 
containing  a  large  quantity  of  stones,  underneath  which  was  a  bed 
of  blue  clay  about  7  feet  thick,  at  the  lower  part  of  which,  close  upon 
the  underlying  sandstone,  the  antler  was  found,  and  near  it  a  number 
of  marine  shells.  The  deposit  was  estimated  to  be  about  100  to 
103  feet  above  the  sea-level"  (Trans.  Geol.  Soc.  Glasgow,  vol.  i. 
pt.  2,  pp.  70,  71 ;  see  also  Dr.  Smith,  Edinb.  New  Phil.  Joum.  n.s. 
vol.  vi.  p.  105). 

The  next  locality  where  Mammoth  remains  occurred  in  Scotland 
was  during  the  excavation  of  the  line  of  the  Union  Canal,  between 
Edinburgh  and  Falkirk.  This  was  in  1820.  A  large  mass  of 
Boulder-clay  having  been  undermined  fell  into  the  cutting,  and 
among  the  earth  was  found  a  tusk  measuring  39  inches  in  length. 
It  had  lain  about  15  or  20  feet  from  the  surface.  Mr.  Bald,  to 
whom  the  discovery  was  reported,  examined  the  place.  He  says  it 
was  found  from  15  to  20  feet  from  the  surface.  He  did  not  actually 
take  it  out  of  the  clay,  and  only  judges  that  it  must  have  oome  out 
of  it  from  its  excellent  state  of  preservation  (Wernerian  Society, 
vol.  iv.  p.  60).  It  has  subsequently  been  described  as  having  been 
imbedded  in  the  heart  of  the  stiff  clay.     If  it  had  been  so^  it  oaa 
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only  be  treated  as  a  boalder,  sinoe  it  was  quite  detached ;  this  is 
sn^;e8ted  by  Mr.  Bald,  and  it  in  no  way  evidences  an  old  land 
surface ;  but  it  seems  to  me  there  is  no  warrant  for  describing  it  as 
having  come  out  of  *'  the  heart  of  the  stiff  clay." 

A  skull  of  Bob  primigeniua  was  found  in  1868,  near  Croft  Head 
in  Benfrewshire,  imbedded  some  few  feet  deep  in  a  soft  clay  or  mud, 
interlaminated  with  lines  and  beds  of  sand,  and  occasional  layers 
of  fine  gravel.  In  some  of  the  layers  of  clay  there  was  a  little 
vegetable  matter  in  a  state  of  decay.  These  beds  were  overlain  by 
Till  full  of  scratched  stones  (Geikie,  Grol.  Mao.  Vol.  Y.  p.  393,  etc.). 

In  a  paper  on  this  deposit,  in  Vol.  YII.  of  the  same  Magazine, 
Mr.  Geikie  says  that  it  subsequently  yielded  remains  of  the  Horse 
and  Irish  Deer.  He  reaffirms  the  opinion  that  the  overlying  clay  in 
this  instance  is  the  true  Boulder-clay,  that  it  is  in  $itu,  and  in  no 
sense  due  to  a  landslip. 

On  the  6th  of  March,  1879,  there  was  exhibited  before  the 
Geological  Society  of  Glasgow  a  well-preserved  molar  of  a  Mammoth 
found  four  years  before  in  sinking  a  pit  on  Mainhill  Farm,  near 
BaUlieston,  east  of  Glasgow.  It  was  found  in  a  bed  of  purely 
laminated  sandy  clay,  at  a  depth  of  33  feet  below  the  present  land 
surface,  the  sand  bed  being  from  40  to  45  feet  thick,  and  resting 
directly  upon  the  rock-head  or  Coal-measures  without  any  inter- 
vening Till  or  other  superficial  strata.  In  cutting  the  line  of  railway 
leading  to  the  pit,  the  sand  bed  was  seen  to  be  overlapped  by  a 
thick  bed  of  stiff  dark-coloured  Boulder-clay  full  of  large  travelled 
stones,  which  thinned  away  as  the  pit  was  approached,  and  the 
sand  bed  rose  to  the  surface.  Mr.  Young  remarked  that  here  we 
Iiad  another  instance  of  the  occurrence  of  the  Mammoth  in  Scotland 
during  pre-Glacial  times,  and  he  went  on  to  remark  that  in  all  the 
cases  which  had  occurred  in  Scotland,  the  Mammoth  remains  he  says 
"  had  either  been  derived  from  pre-Glacial  beds  below  the  Till  or  from 
the  Till  itself.  Dr.  Geikie  has  never  been  able  satisfactorily  to  show 
that  the  Mammoth-bearing  inter-Glacial  beds,  in  any  of  the  places 
where  they  have  been  found,  rested  on  an  older  Boulder-clay, 
although  he  says  that  at  other  spots,  such  as  Kilmaurs,  intercalated 
beds  are  found  in  the  same  district  between  the  two  Tills ;  but 
unfortunately  for  his  contention,  these  beds  have  never  as  yet 
yielded  any  Mammoth  remains,  nor  any  of  the  other  organisms 
found  associated  with  them.  When  traces  of  the  Mammoth  have 
been  got  in  Boulder-clay,  they  may  in  all  probability  have  been 
derived  from  the  denudation  of  pre-Glacial  beds  in  the  same 
district"  (Proc.  Geol.  Soc.  Glasgow,  1878-9,  p.  291). 

In  January,  1882,  there  was  exhibited  before  the  Glasgow  Geol. 
Soc.  a  fragment  of  a  tusk  of  the  Mammoth  which  had  been  found 
in  sinking  a  pit  on  the  farm  of  Drummuir,  Dreghorn.  This  was 
found  in  a  bed  of  sand  underlying  76  feet  of  Boulder-clay  (Trans. 
Geol.  Soc.  Glasgow,  vol.  viii.  pt.  ii.  p.  213,  etc.). 

In  a  paper  by  Messrs.  Craig  and  Young,  iu  the  third  volume  of 
the  Trans,  of  the  Geol.  Soc.  of  Glasgow,  they  say,  inter  nZia,  that  if 
we  look  at  the  recorded  instances  of  the  occurrence  of  the  Mammoth 
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and  Heindeer  in  Scotland,  we  shall  find  that  in  the  majority  of  casei 
they  either  have  been  found  in  beds  below  the  Boulder-clay  or  in 
that  deposit  itself.  Those  found  in  the  Boulder-clay  may  have  been 
derived  from  the  denudation  of  pre-Glaoial  beds.  In  the  one  or  two 
instances  where  the  Mammoth  has  occurred  in  beds  more  recent 
than  the  Till,  they  may  still  have  been  worked  out  of  it  Bearing 
on  the  pre-Glacial  age  of  the  Reindeer  in  Scotland,  they  refer  to 
a  portion  of  the  right  antler  of  a  Reindeer  found  in  the  Boulder- 
day  at  Raes  Gill,  Carluke,  Lanarkshire.  "The  specimen  bean 
evident  marks  of  transportation,  its  burr,  browtyne,  and  other 
extremities  being  worn  and  rounded,  and  the  whole  surface  has 
a  smooth,  polished,  ice-scratched  appearance,  exactly  like  that  we 
meet  with  amongst  the  ice-worn  stones  of  the  Till.  It  was  found  in 
Till  several  feet  thick"  {op,  eit.  pp.  310-320). 

Let  us  now  turn  to  England.  No  remains  of  Pleistocene  mammals 
have  occurred  so  far  as  I  know  in  the  counties  of  Northumberland, 
Durham,  Cumberland,  or  Westmoreland. 

Of  the  few  cases  of  the  discovery  of  Mammoth  remains  in 
Lancashire  and  Cheshire,  the  only  one,  according  to  my  friend 
Prof.  Dawkins,  in  which  the  relation  of  the  deposit  to  the  Boulder- 
day  is  clear,  was  the  famous  case  of  the  discovery  made  by  Mr. 
Bloxsom  in  March,  1878,  in  digging  a  shaft  for  the  new  Victoria 
Salt  Co.  near  Northwich,  of  a  fragment  of  a  molar.  It  occurred  at 
a  depth  of  65  feet  in  a  bed  of  sand  overlying  the  red  Eeuper  marls, 
and  overlaid  by  37  feet  of  brown  Boulder-clay  (Q.J.G.S.  Feb.  1879, 
pp.  140-141). 

If  we  turn  to  Yorkshire,  the  evidence  is  more  abundant  and  more 
conclusive. 

In  a  Memoir  on  the  Moors,  Mountains,  and  Sea-Coast  of  York- 
shire, published  by  J.  Philh'ps  in  1853,  he  urged  that  the  lowest 
Hessle  gravels,  which  rest  upon  Chalk,  and  are  covered  by  Boulder- 
clay,  as  well  as  the  contents  of  Kirkdale  cave,  are  pre-GIaoial. 
Writing  in  1868,  he  says  of  this  view  about  the  Hessle  gravels :  "  I 
am  still  disposed  to  favour  this  opinion ;  in  the  first  place,  there  is  no 
proof  that  these  beds  are  marine,  but  a  strong  presumption  to  the 
contrary,  from  the  considerable  abundance  of  land  Mammalia  found 
in  them,  especially  Elephas  prtmigemua  and  Horse;  and  secondly, 
beds  of  this  order  composed  of  chalk  and  flint  fragments,  not  only 
are  not  known  to  occur  in  the  midst  of  the  Boulder-clay,  but  can 
hardly  be  imagined  to  exist  there ;  and,  thirdly,  the  Boulder-clay 
rests  on  them  without  conformity  (Q.J.G.S.  vol.  xxiv.  p.  255). 

Phillips  continued  during  half  a  century  to  be  the  advocate  of  the 
Mammoth  beds  being  older  than  the  Drifts,  and  in  the  last  edition 
(1875)  of  his  Geology  of  Yorkshire,  in  describing  the  ossiferous 
marls  of  Bulbecks,  near  Market  Weighton,  shows  that  they  lie 
directly  on  the  red  marls ;  and  in  regard  to  their  relative  age,  he 
says :  **  It  appears  to  be  proved,  both  by  comparison  with  the 
analogous  deposits  at  Hessle  and  Bridlington,  and  by  the  super- 
position of  the  ordinary  diluvium  in  the  south-eastern  part  of  the 
Yale  of  York,  that  the  latest  of  these  inundations  (t.e.  that  which 
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aid  down  the  Mammoth  beds)  was  anterior  to  the  movement  of 
praters  which  brought  many  Cambrian  rocks  through  the  pass  of 
Stainmoor  and  dispersed  them  over  the  hills  and  valleys  and  ante- 
lilnvial  lake  deposits  of  Yorkshire  "  {op.  dt.  pp.  12-19). 

Speaking  of  the  Hessle  beds  containing  Mammalian  remains,  he 
lays :  ''  As  they  are  now  covered  up  by  a  great  thickness  of  clay 
ind  pebbles  derived  from  a  far  greater  distance  (ue,  by  the  Drift), 
ire  count  them  the  spoils  of  pre-Glacial  land  '*  (id,  pp.  57,  58). 

Teeth  of  Mammoths  sometimes  occur  in  the  Boulder-clay  in 
Yorkshire  as  they  do  elsewhere,  but  are  clearly  derivative  and 
boulders.  Phillips  has  remarked  how  in  certain  places  only  the 
teeth  occur,  and  no  other  parts  of  the  skeleton  (id.  p.  74) ;  when 
bones  occur  under  these  circumstances,  they  are  always  scattered 
uid  generally  rolled  {id.  p.  170). 

In  regard  to  the  deposits  in  Eirkdale  cave,  he  points  out  their 
inalogy  with  those  occurring  at  Bulbecks,  "where  glacial  drift 
3verlies  the  bones,"  adding  **  that  Eirkdale  cavern  was  occupied  in 
the  pre-Glaoial  condition  of  the  land  which  is  now  Yorkshire  was 
my  earliest  opinion,  and  seems  still  to  be  the  most  probable  inference 
in  the  present  state  of  knowledge  "  {id.  169-171). 

This  opinion  about  Eirkdale  cavern  is  interesting,  for  the  evidence 
is  fast  accumulating  to  show  that  the  cavern  deposits  at  all  events 
are  older  than  the  distribution  of  the  Till.  I  should  like  to  refer  to 
another  northern  cavern,  where,  although  no  Mammalian  remains 
oocurred,  there  seems  to  have  been  a  very  decided  invasion  of  Drift. 

Speaking  of  the  cavern  at  Stainton-in-Fumess,  Mr.  Cameron 
Bays :  **  The  floor  of  a  gallery  resembles  the  bed  of  a  dry  mountain 
torrent,  being  strictly  strewn  with  water-worn  pebbles  and  boulders. 
Soft  yellow  clay  occurs,  frequently  also  gravel ;  while  again  in  other 
places  there  is  a  pavement  of  hard  dry  clay  split  up  by  cracks  into 
octagonal-shaped  masses.  ...  In  this  gallery  are  also  Silurian 
boulders,  often  cemented  together  in  huge  masses.  A  few  of  these 
boulders  are  of  a  larger  size  than  to  have  allowed  of  their  entrance 
through  the  as  yet  only  known  inlet  to  the  place.  Ireleth,  about 
4^  miles  off,  is  the  nearest  place  where  this  rock  is  in  situ,  and 
boulders  and  fragments  of  rock  are  often  met  with,  thrown  against 
each  other  in  the  direst  confusion  as  if  impelled  along  by  a  very 
strong  current  and  suddenly  stopped"  (Geol.  Mao.  Vol.  YIII. 
pp.  312,  313). 

We  will  now  turn  to  the  famous  Victoria  Cavern,  where  a 
considerable  polemic  arose  in  regard  to  the  interpretation  of  the 
facts.  It  must  be  remembered  that  this  discussion  was  before  the 
more  recent  discoveries  of  Dr.  Hicks,  etc.,  in  North  Wales.  Prof. 
Dawkins,  who  took  the  view  in  the  paper  that  the  remains  in  this 
cave  were  post-Glacial,  says  in  the  di8cussi(m  that  he  could  not  say 
whether  the  Victoria  Cave  was  pre-Glacial  or  Glacial,  nor  even 
define  its  relation  to  the  Glacial  period.  The  age  of  the  days  was, 
he  said,  a  matter  of  opinion  (Q.J.G.S.  vol.  xxxiii.  p.  612). 

Other  explorers  of  the  cavern  were  much  more  emphatic  in  their 
view.     Mr.  Tiddeman,  who  drew  up  the  report  to  the  British  Abso- 
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elation,  distinotly  refers  the  deposit  to  a  pre- Glacial  age,  and  speab 
of  the  Craven  savage  as  having  lived  before  the  Great  Ice-sheet 
(Eep.  Brit.  Assoc,  1876,  p.  173). 

In  a  paper  on  the  Cave  by  the  same  author,  he  tells  us  how 
a  bed  of  tenacious  clay  with  scratched  Silurian  and  other  boalden 
was  found  underneath  all  the  talus  at  the  mouth  of  the  cave,  restiDg 
on  the  edges  of  the  beds  containing  the  older  mammals,  and 
dipping  outwards  at  an  angle  of  40^.  Mr.  Tiddeman  explains  this 
as  the  remnant  of  a  moraine  (lateral  or  profonde)  which  dammed  up 
the  mouth  of  the  cave  and  prevented  anything  but  water  ohaiged 
with  fine  sediment  from  entering  it  during  the  Glacial  period. 
Perhaps,  he  adds,  one  of  the  strongest  pieces  of  evidence,  that  the 
older  cave  animals  lived  in  this  district  only  at  a  time  previom 
to  the  great  ice-sheet,  is  that,  so  far  as  we  know,  the  remains  of  none 
of  them  (except  of  Cervus  dephaa)  have  ever  been  found  in  any 
of  the  post-Glacial  deposits  of  this  district  Though  so  oommon  in 
the  river  gravels  in  the  Midland  and  Southern  Counties,  they  are 
never  found  except  in  caves  until  we  get  much  further  south  or 
east  Leeds  is,  I  belive,  the  nearest  locality  where  they  occur. 
This  would  seem  to  imply  that  their  remains  were  wiped  off  the 
area  by  the  great  ice-sheet,  .  .  .  and  only  left  in  the  shelter  of  caves 
to  which  it  could  have  no  direct  access"  (Geol.  Mao.  Vol.  X.  p.  15). 

Writing  in  **  Nature,"  the  same  geologist  says,  "  A  human  bone  or 
fibula  was  certainly  found  beneath  glacial  clay  in  the  Victoria  Cave'' 
(Nature,  vol.  xiv.  p.  505).  A  dispute  arose  afterwards  as  to  whether 
the  fibula  was  human  or  not,  but  this  does  not  affect  the  issue  we 
raise.  Mr.  Tiddeman  again  says,  ^*  In  the  Victoria  Cave  the  sur- 
roundings are  such  that  nothing  but  an  ice-sheet  could  have  sealed 
up  with  glaoieJ  clay  the  remains  discovered  by  the  Committee.  .  .  . 
The  origin  of  the  boulders,  their  position,  the  ice-scratches  on  the 
rocks  hard  by,  all  point  to  the  time  of  greatest  glaciation,  when  the 
whole  district  was  covered  in  with  ice  and  snow  of  great  thickness. 
And  the  agent  which  closed  the  cavern  and  concealed  the  animals 
within  it  must  have  been  the  same  which  swept  the  country  clean 
of  their  remains  all  around  further  than  the  eye  can  reach"  (i6.  506.) 

In  the  discussion  on  Prof.  Dawkins*  paper.  Sir  A.  Kamsay  said  he 
thought  the  evidence  for  the  existence  of  Man  in  the  Victoria  Cave 
before  the  Glacial  period  was  stronger  than  that  against  it.  Prof. 
Prestwich  thought  the  deposits  in  the  Victoria  Cave  were  pre-Glacial 
(Q  J.G.S.  vol.  xxxiii.  p.  612). 

The  next  case  to  which  I  shall  refer  is  one  in  which  we  have  not 
to  deal  with  Mammalian  remains,  but  with  the  Southern  freshwater 
shell  the  Cyrena  fluminalis,  which  marks  the  Pleistocene  horizon  in 
other  places. 

In  1861  Professor  Prestwich  read  a  paper  before  the  Geological 
Society  of  London  on  the  occurrence  of  Cyrena  flaminalis  over  beds  of 
Boulder-clay  near  Hull.  He  says  there  was  previously  no  evidence 
of  direct  superposition  to  show  the  age  of  the  shell.  I  quite  agree 
with  him  that  lor  this  reason  the  instance  in  question  is  important 
if  maintainable.     Is  it  so  ?    In  the  first  place  in  the  pit  where  the 
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O^rena  oooarred  in  thousands,  and  of  which  Mr.  Prestwich  gives  a 
section  (Q.J.G.S.  voL  xvii.  p.  450),  no  Boulder-elay  at  all  occurred. 
Secondly,  in  another  section  at  Paul!  Cliff,  near  Hull,  where  the 
Ciprena  also  occurred  in  fewer  numbers,  there  was  an  underlying 
day,  but  Prestwich  admits  that  inasmuch  as  it  contained  neither 
boulders  nor  fossils,  he  could  not  feel  certain  about  its  being  the 
Boulder-day  "  {id.  452).  Mr.  Prestwich  then  had  some  experi- 
mental borings  made,  but  they  did  not  succeed  in  piercing  the  gravel, 
and  therefore,  in  his  own  words,  *' failed  to  obtain  the  exact  proof" 
(id.  453).  Hence  the  evidence  as  tested  by  this  locality  utterly 
fails.  Now  it  is  curious  that  while  Mr.  Prestwich  failed  to  find 
Boulder-olay  in  a  definite  position  in  regard  to  the  gravels,  Messrs. 
Wood  and  Borne  did,  and  they  say :  *'  The  gravel  of  Eilsoar  Hill, 
the  subject  of  the  notice  of  Mr.  Prestwich,  is  (now  that  the  ballast 
pit  has  been  more  extensively  worked)  shown  most  distinctly  to  be 
overlain  by  the  Bouider-clay,  no  less  than  15  feet  of  it  being  so  exposed 
in  one  part ;  and  they  add  that  there  are  no  means  of  ascertaining  at 
present  on  what  it  rests  (Q.J.G.S.  vol.  xxiv.  p.  153). 

Let  us  now  turn  to  the  evidence  of  the  Mammals.  This  also 
seems  to  be  very  conclusive.  I  will  first  refer  to  the  well-known 
memoir  by  Mr.  0.  Beid  on  the  Geology  of  Holderness.  In  this 
memoir,  chaps,  v.  and  vi.  are  headed ''  Inter-Glacial  Beds."  I  do  not 
know  why,  for  I  confess  I  can  find  no  evidence  of  their  inter* 
Glacial  character.     That  is,  however,  another  issue. 

Mr.  Beid  objects,  on  the  evidence  of  the  fossils,  to  Professor 
Phillips  treating  the  Hessle  gravels  as  pre-Glacial,  an  argument  in 
which  I  do  not  quite  follow  him.  He  admits  that  at  Bridlington  they 
rest  directly  on  the  Chalk  (op.  cit.  p.  48),  that  is,  have  no  Boulder-clay 
or  true  Drift  'below  them.  There  some  Mammalian  remains  have 
occurred  in  a  buried  cliflf,  which  has  since  been  very  carefully 
examined  by  Mr.  Lamplugh,  to  whom  I  shall  refer  presently.  His 
conclusion  that  this  bed  underlies  the  basement  bed  of  the  Glacial 
series  is  confirmed  by  an  observation  of  Mr.  Beid,  who  says,  that  a 
fiimilar  bed  of  chalk-gravel,  in  borings  at  Bridlington  Harbour,  rests 
on  the  Chalk,  and  is  clearly  beneath  the  Basement  clay  (id,  p.  49). 

Turning  to  the  Hessle  Mammaliferous  gravels  on  the  Humber, 
Mr.  Beid  admits  that  they  also  unmistakeably  rest  directly  on  the 
Chalk,  and  are  covered  and  overlapped  by  Boulder-clay.  Yet  he 
goes  on  to  argue  that  **  we  have  nothing  to  fix  the  age  of  the  Hessle 
gravel  by,  and  that  there  is  no  positive  evidence  whether  another 
underlying  Boulder-clay  has  been  denuded  or  not."  If  so,  why 
call  the  bed  inter-Glacial  ?  And  he  goes  on  to  say,  "  Prof.  Phillips's 
reference  of  the  Hessle  gravels  to  a  pre-Glacial  period  may  turn  out^ 
with  fuller  evidence,  to  be  well  founded."  I  should  have  said  that 
it  was  conclusively  proved,  there  being  against  it  no  stratigraphical 
facts,  but  merely  an  d  priori  prejudice  based  on  some  theory  about 
the  fossils. 

A  similar  bed,  but  without  fossils,  at  South  Ferriby  Clifi",  on  the 
south  of  the  Humber,  also  rests  on  the  Chalk,  and  is  overlain  by 
Bonlder-clay. 
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In  regard  to  the  mariDe  gravels  in  which  Professor  Prestwich  fonnd 
the  Cyrena  fluminalia,  and  which  have  yielded  many  Mammalian 
remains,  Mr.  Reid  admits  that  at  one  spot,  at  Eelsey  Hill,  a  face  of 
about  12  feet  of  weathered  Boulder-clay,  with  small  stones,  can  be 
Been  overlying  the  gravel  {id,  p.  54). 

Mr.  G.  W.  Lamplugh,  in  his  paper  on  the  Drifts  of  Flamborough 
Head  recently  published,  is  most  clear  on  the  subject.  He  describes 
the  buried  cliff  at  Sewerby  as  having  been  formed  by  marine  action 
prior  to  the  deposition  of  any  of  the  Glacial  beds,  and  as  having 
afterwards  been  buried  and  obliterated  by  the  accumnlation  of 
materials  banked  against  it  (Q.J.G.S.  vol.  xlvii.  p.  394).  In  a  later 
paper,  where  he  enters  into  greater  detail,  he  puts  the  Seweri)y 
gravels,  which  have  yielded  so  many  Pleistocene  Mammalian  remains, 
distinctly  under  the  whole  Glacial  series,  and  notably  under  the 
so-called  basement  bed.  He  comes  to  precisely  the  same  conclusion 
in  regard  to  the  marine  shell  bed  at  Speeton  (op,  cit,  pp.  410-412). 
In  the  discussion  on  this  paper  Mr.  E.  T.  Newton  describes  the 
remains  of  mammals  from  Sewerby  as  just  such  an  assemblage  as 
might  be  expected  in  an  undoubted  Pleistocene  deposit. 

It  seems  to  me,  therefore,  that  the  Yorkshire  evidence,  wherever 
we  can  test  it,  agrees  with  that  of  Scotland  and  of  Cheshire  in 
compelling  the  conclusion  that  the  horizon  containing  remains  of  the 
Mammoth  and  its  companions  is  distinctly  below  the  Drift  beds. 

(To  be  continued.) 


IV.— The  Reported  Occurrknoe  of  Ammonites  jurensis  in  thi 

Northampton  Sands. 

By  8.   S.  Buckman,   F.G.S.  * 

IN  the  Geological  Magazine  (Dec.  III.  Vol.  VIII.  No.  329, 
p.  493,  Nov.  1891),  Mr.  E.  T.  Newton  has  a  "Note  on  the 
Occurrence  of  Am,  jurensis  in  the  Ironstone  of  the  Northampton 
Sands  in  the  Neighbourhood  of  Northampton."  This  note  had 
especial  interest  for  me,  from  my  having  contested  Mr.  Beeby 
Thompson's  view  of  the  Jurensis-zone  being  represented  by  the 
clayey  beds  beneath  the  Sands ;  and,  in  fact,  it  seemed  to  support 
my  argument.  Further  reading,  however,  obliged  me  to  confess 
that  I  could  not  claim  this  support;  for  Mr.  Newton  says  (p.  494), 
**  that  the  specimens  of  Am,  jurensis  agree  exactly  with  Dr.  Wright's 
plate  79  (Lias  Ammonites)." 

Now,  in  1887,  I  pointed  out  that  this  form  of  Wright's  was  very 
different  to  Zieten's  jurensis,  and  that  it  occurred  in  the  Opalinum- 
zone;  *  and,  in  1888,  having  occasion  to  refer  to  it  in  some  sections, 
I  named  the  form  afresh  Lytoceras  Wrighti,^  Further,  the  same 
form  is  figured  by  Branco,  under  the  name  Lytoceras  dHueidum 
on  the  authority  **  Dumortier  (non  Oppel)." ' 

The  form  called  Lytoceras  Wrighti  differs  materially  from  Zieten's 

1  Inferior  Oolite,  etc  ,  Proc.  Cotteswold  Club,  vol.  ix  pt.  ii.  p.  134,  footnote,  1887. 

«  Monogr.  Lias  Amm.  pt.  ii.  p.  44,  footnote,  Pal.  Soc.  1888. 

'  Untere  Dogger,  Abh.  geoL  spez.  karte  Elsass-Lothringen,  Bd.  II.  pi.  i.  fig.  8. 
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original  Am,  jurenstB  in  the  amount  of  involution,  the  extent  of 
oompression,  the  very  different-shaped  umbilicus,^  and  the  broader 
whorls.  Even  if  the  term  '  species '  be  interpreted  in  a  very  liberal 
sense,  to  include  both  forms  as  jurenaia^  the  differences  remain  the 
same.  Wright's  fossil  is  not  the  typical  jurensis ;  and,  moreover,  it  is 
a  form  characteristic  of  the  OpaZi num-zone.  Whether  it  be  regarded 
as  a  different  species,  or  only  a  mutation  otjurensis,  it  is  advantageous 
to  mark  its  differences  by  a  name — Lytoceras  Wrighti. 

The  evidence  of  the  JitreMM-zone  in  the  Northampton  Sands  is 
thns  narrowed  down  to  Am,  insignia.  The  typical  form  is  highly 
characteristic  of  the  Jurensis'zoue ;  but  there  are  several  mutations 
and  allied  species  which  are  characteristic  of  the  Opalinum-zone. 
For  instance,  the  **  Insignia  var.,"  which  Newton  says  agrees  with 
Wright's  pi.  75,  figs.  1-3,  is  quite  an  aberrant  form  of  Hammatoceraa 
(Jiwt^iBM-group).  It  differs  especially  from  insignia  in  ornamentation, 
and  in  having  ventral  furrows.  As  it  is  not  named,  to  my  knowledge, 
I  think  it  might  appropriately  be  called  Hammatoceraa  Newtoui. 
It  occurs  in  Dorset  quite  high  up  in  the  OpaUnum-zone.  Its  nearest 
allied  form  is  Am,  AUeanif  Dumortier,  of  the  same  zone,  which  is 
less  coarsely  ornate,  less  sulcate,  and  more  involute. 

So  far  the  bulk  of  Mr.  Newton's  evidence  seems  to  indicate  the 
Northampton  Sands  being  the  Opalinum-zouQ,  a  conclusion  I  expressed 
in  Monogr.  Amm.  p.  53,  1888.  The  occurrence  of  Am,  Murchiaona 
in  the  Opalinum-zone  has  been  noted  by  myself  and  several  other 
authors ;  but  the  real  head-quarters  of  Murehiaona  are  on  a  distinctly 
higher  level  than  the  head-quarters  of  Opalinum. 

As  regards  the  Jurensia-zone  in  Northamptonshire,  my  position  is 
simply  agnostia  I  know  no  Ammonite-evidence, — barring,  perhaps, 
Mr.  Newton's  "  inaignis  " — to  show  the  existence  of  any  of  the  four 
levels — Dumortier io'^  Diapantum',  Slriatulum-,  Variabilia-heda — of  this 
zone,  which  are  easily  recognized  by  an  abundant  Ammonite- fauna 
for  about  80  miles  from  Haresfield  to  the  Dorset  coast ;  but  the 
species  of  some  or  all  may  ultimately  be  found  to  occur  in  the 
Northampton  Sand,  and  I  doubt  not  in  the  same  successional  order. 

Of  the  Opalinum-zone  there  is  good  evidence  for  the  existence  of 
the  upper  level  Opalinum-heds ;  of  the  lower  level,  JHoo  ret -beds, 
Lytoceras  Wrighti  appears  to  be  the  only  evidence.  This  is  not 
sufficient — see  sections  Monogr.  Amm.  p.  45,  et  seq. 

A  summary  of  the  species  allied  to  or  similar  to  A,  jurenaia  may 
be  usefnl  in  this  connexion.  As  their  genealogy,  synonymy,  etc., 
will  be  given  more  fullv  in  a  future  paper,  only  the  briefest  notice 
will  be  made. 

1.  Am,  jarensisy  Zieten.  Oval  whorls,  very  little  involute.  Very 
rare.     Burton  Bradstock,  Yeovil  Sands. 

2.  Am.  perlavis,  Denckmann  (usually  called  jurensis).  It  differs 
only  in  being  more  compressed  ventrally,  and  having  a  more  pro- 
nounced inner  margin.     Scarce.     Dispansum-heds,  Cotteswolds. 

3.  Am.  phyllieinctus,  Quenstedt.     Like  the  last,  but  more  evolute. 

^  The  nmbiliciu  of  the  typical  Wrighti  is  basin-shaped,  that  of  the  typical  J uretait 
wider  and  graduated. 
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Only  a  fragment.    Bottom  Yeovil  Sands  (Dtspansum^heds),  Bradford 
Abbas. 

4.  Lytoceras  sigaloen^^  n.  sp.  S.  Biickman  {AmmoniteB  jwrentii^ 
d'Orbigny  (non  Zieten),  Pal.  fran^.  pi.  100).  It  has  been  thouf^t 
that  this  is  the  species  Oppel  intended  to  call  Amm.  dilueidus ;  bat 
Oppel's  reference  is  to  Quenstedt's  Amm,  fimhriatus  opalinus,  which 
IS  that  auth6r's  name  for  comucopi<Bj  d*Orbigny  (non  Toqdj^). 
Further,  Oppel  says,  ''  that  Amm,  cornucopicR  and  Etideaianun  are  the 
nearest  allies  to  dilueidus,"  It  is  reasonable  to  suppose  that  had  be 
meatit  to  call  d'Orbigny's  jurensia  by  the  name  dilueidus^  he  would 
have  said  **  that  Zieten's  jurensis  was  the  form  nearest  to  dilueidtu." 
Lyt.  sigaloen  is  like  perlavis^  but  more  compressed  and  more  involute. 
A  magnificent  specimen,  16  inches  (406  mm.)  in  diameter,  is  in  my 
collection  from  Yeovil  Sands,  Haselbury,  Somerset 

5.  Lytoceras  Wrighti,  S.  Buckman.  Monogr.  page  44,  footnote, 
2,  Pal.  Soc.  1888.  {Lyt.  jurensey  Wright  (non  Zieten),  Lias  Amm. 
pi.  79.)  Like  sigaloen^  but  very  involute.  Basin-shaped  umbilicus. 
Opnlinum-zone,  Dorset,  Somerset,  Gloucestershire,  etc. 

The  above  species,  so  far  as  their  suture-lines  and  inner  whorls 
are  known,  show  clearly  enough  genetio  relationship  with  Amfi^ 
Oermaniiy  d'Orb.,  tortdosus,  Zeit.,  and  hircinus  (Schloth.),  Qaenstedt 
They  lack  entirely  the  extraordinary  lengthy  lobes — especially  the 
superior  lateral — of  the  Fimhriatns-group, 

6.  Ammonites  JinulatuSy  Quenstedt  (Am.  Schwab,  pi.  48,  fig.  2),  is 
another  form  which  may  belong  to  the  same  group.  It  differs  from 
jurensis  in  having  a  fan-shaped  aperture  with  a  high  inner  margin. 

Whorls  depressed.     Foreign  only.     Jurense-zone, 

Three  other  species  have  resemblance,  but  are  not  exactly  allied 
to  jurensis. 

7.  Am.  amplus,  Oppel.  A  quick-coiled,  very  inflated  form.  Not 
known  in  this  country.     Relationship  uncertain.     MurchisomB-zone, 

8.  Lytoceras  confusum,  S.  Buckman  (jurensis  auotorum).  A 
slowly-coiled  form  with  triangular  aperture,  and  marked  shoulder. 
Cone  a  vnm -zone,'  Dorset.  The  inner  whorls  and  young  specimens 
sometimes  show  periodic  ribs  indicating  relationship  with  opkioneumf 
Benecke,  and  rasile,  Vacek. 

9.  Aram,  trapezOj  Quenstedt.  A  slowly-coiled,  very  evolute  form, 
with  subtriangular  whorls,  and  more  rounded-off  shoulder.  Very 
i-nre.  Sherborne-zone  with  Amm,  fissilobatus  (Sowerhyt^zoiLe  of 
German  authors). 

V. — Thb  Ekvised  Astronomical  Theory  of  Glaoiation. 

By  G.  W.  Bulman,  M.A.,  B.Sc; 
Corbridge-on  -  Tyne . 

IN  **Tlie  Cause  of  an  Ice  Age"  Sir  R.  Ball  claims  to  have 
removed  from  the  Astronomical  Theory  of  Glaoiation  the 
greatest  stumbling  block  in  the  way  of  its  general  acoeptanoe,  and 
to  have  placed  it  on  a  firm  and  utiassailable  foundation.  And 
this  stumbling  block  he  considers  to  have  been  Sir  J.  Herschel's 

^  aiyaXotiSf  smooth. 
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neotiB  statement,  that,  of  the  total  heat  received  by  a  hemisphere 
year,  one-half  is  reoeived  during  the  summer,  and  the  other  half 
o^  winter. 
T  R.  Ball  has  worked  out  the  true  distribution  of  the  yearly 

between  the  seasons,  and  arrived  at  figures  about  which  he 
ns  there  can  be  no  question.  His  result  is,  that  of  the  total 
ly  heat  received  by  a  hemisphere,  37  per  cent,  is  received 
ng  winter,  and  the  remaining  63  per  cent  during  summer. 
Qting  these  figures,  it  is  maintained  that  glaoiation  follows  as 
ceesary  consequence,  whenever  the  difference  in  the  lengths  of 
mer  and  winter  is  sufficiently  great. 

his  difference  in  length  between  the  two  seasons  formed  the 
ting  point  of  Dr.  CrolFs  Theory.  It  was  supposed  by  him  that 
winter  supply  of  heat  being  spread  over  a  greater  number  of 
I,  the  temperature  would  be  so  reduced,  and  the  snowfall  so 
eased  thereby,  that  finally — with  the  aid  of  ocean  currents,  etc. 
laciation  would  result. 

nd  in  showing  that  only  37,  instead  of  50,  per  cent,  of  the 
ly  heat  is  reoeived  during  winter,  Sir  R.  Ball  appears  to  have 
oved  a  difficulty ;  37  per  cent  of  the  yearly  heat  would  certainly 

maintain  so  high  a  temperature  as  50  per  cent  during  the 
^hened  glacial  winter.  But  a  little  consideration  will  show  that 
removal  of  the  difficulty  is  only  apparent. 

'ur  present  average  winter  temperature  forms  the  starting  point 
the  calculation  of  what  it  would  be  when  the  winter  was  at  its 
^st,  and  this  calculation  can  be  made  quite  independently  of  the 
^es  37  and  50.  The  result  will  be  the  same  whether  we  assume 
)r  50  per  cent,  of  the  yearly  heat  to  be  reoeived  during  winter, 
these  figures  do  not  necessarily  enter  into  the  calculation  at  all, 
y  did  not,  as  far  as  I  am  aware,  enter  into  that  of  Dr.  Croll, 
t  reasoned  correctly,  that  our  present  winter  supply  of  heat, 
in  spread  over  199  days  instead  of  179.  would  produce  an 
rage  temperature  lower  in  proportion  to  the  lengthening  of  the 
ton. 

'he  difficulty  in  connexion  with  the  supposition  of  half  the  yearly 
t  supply  coming  in  winter  is  rather  that  of  understanding  how 
inter  climate  could  be  produced  at  all;  for  our  winter  being 
•ter,  if  it  received  the  same  amount  of  heat,  would  be  actually 
er  than  summer. 

(nt  granted  that  50  per  cent,  of  the  annual  heat  supply  permits 
winter  climate  during  a  portion  of  the  year  at  present,  the 
^thening  of  the  season  might  be  supposed  to  reduce  the  temperature 
asily  as  on  the  supposition  that  the  percentage  was  37  per  cent, 
ir  R.  Ball  considers  that  Dr.  Croll  was  unacquainted  with  the 
qnal  distribution  of  heat  between  the  seasons,  but  he  has  not 
nrn  that  any  of  the  latter's  reasonings  or  calculations  depend  on 
assumption  of  its  equal  distribution, 
'he  theory  set  forth  in  "  The  Cause  of  an  Ice  Age "  is  regarded 

revised  form  of  Dr.  Croll's,  but  the  two  theories  differ  in  certain 
ntial  particulars.     For,  in  the  first  place,  while  the  R^^U^d 
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Theory  attributes  glaciation  eolelj  to  the  lengthening  of  one  seawm 
at  the  expense  of  the  other — in  other  words  to  purely  astronomical 
onuses,  viz.  eccentricity  and  the  precession  of  the  eqoinoxee — ^Dr. 
Croll  attributed  it  to  physical  agencies  brought  into  operation  by 
these  astronomical  causes.  Among  these  physical  agencies  by  far 
the  most  important  is  the  Gulf  Stream.  But  according  to  the 
Bevised  Theory  the  deflection  of  this  great  ocean  current  is  not 
required  to  produce  glaciation,  and  Sir  K.  Ball  supposes  it  to  have 
flowed  much  as  it  does  now  during  the  Glacial  period.  And  there 
are  two  considerations  which  seem  to  show  that  the  Golf  Stream  dii 
modify  our  glacial  climate,  and  which  were,  therefore,  difficulties  on 
Dr.  Croirs  view.  The  first  of  these  is,  that  palseontologioal  evidence 
seems  to  show,  that  the  western  shores  of  our  island  were  warmer 
than  the  eastern — as  they  are  to-day.  And  the  second  is,  that  in 
North  America  glaciation  extended  fully  10^  further  south  than  it 
did  here. 

Again,  while,  according  to  Dr.  Croll,  the  astronomical  conditionfl 
might  occur  without  leading  to  glaciation  through  secondary  physical 
causes,  the  Revised  Theory  requires  a  group  of  glacial  periods 
whenever  the  eccentricity  is  sufficiently  great  Dr.  Oroll  has  indeed 
shown  how  the  astronomical  causes  which  under  certain  oonditione 
— of  distribution  of  land  and  water,  etc — would  produce  a  group 
of  glacial,  separated  by  genial,  periods,  might,  under  other  god- 
ditions,  lead  to  a  group  of  genial  periods  separated  by  others  a 
little  less  genial.  And  thus — especially  in  his  later  writings — he 
seems  to  have  allowed  considerable  force  to  Sir  Chas.  LyeU's 
views  on  the  cause  of  glaciation,  though  only  as  adjuncts  to  the 
Astronomical  Theory. 

It  is  probably  in  the  judicious  combination  of  the  two  theories  that 
the  true  solution  of  the  glacial  problem  will  have  to  be  sought 

While,  then,  the  essence  of  Dr.  CrolFs  Theory  consisted  in  the 
continued  increase  in  the  cold,  due  initially  to  a  lengthened  winter, 
by  physical  agencies  thereby  brought  into  action,  the  Revised  Theory 
attributes  glaciation  entirely  to  the  reduction  in  temperature  produced 
by  spreading  the  winter  heat  supply  over  a  greater  number  of  days. 

The  question,  then,  of  how  far  our  present  winter  temperature 
would  be  reduced  if  its  heat  supply  were  spread  over  199  days — 
the  longest  possible  winter — is  the  critical  point  in  the  Revised 
Theor3\ 

If  it  can  be  shown  that  the  consequent  reduction  of  its  winter 
temperature  would  place  our  climate  on  a  level  with  those  of 
countries  now  glaciated ;  and  that  the  summer  supply  of  heat — as 
great  as  at  present  though  concentrated  into  fewer  days — would 
be  unable  to  melt  the  ice  and  snow,  then  glaciation  follows  as  a 
nec/cssary  result  of  the  lengthening  of  the  winter.  But  this  has  not 
yet  been  done. 

Sir  R.  Ball  (Appendix  pp.  177,  178)  gives  data  from  which  the 
reduction  in  our  average  winter  temperature  during  the  winter  of 
199  days  can  be  found. 

At  present  he  calculates  we  receive  a  mean  daily  average  of  0*75 
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of  a  heat  nnit  during  winter,  and  when  that  season  is  as  its  longest 
0*68,  whioh  gives  a  difference  of  0*07.  Now  each  tenth  of  a  unit 
corresponds  to  a  rise  or  fall  of  30°,  and  hence  0-07  corresponds  to 
tV  of  30°  or  21°. 

Our  present  average  winter  temperature  may  be  taken  as  42°,  and 
hence  daring  the  long  winter  it  would  be  21°.  This  would  give  us 
a  climate  milder  than  that  of  Greenland  between  the  10°  and  0° 
January  isotherms,  since  its  mean  winter  temperature  is  probably 
not  more  than  6°  above  this. 

The  dimate  represented  by  this  winter  average  of  21°  may 
perhaps  be  fairly  compared  to  that  of  America  between  the  20°  and 
10°  January  isotherms  which  include  the  southern  part  of  the  region 
of  the  Oreat  Lakes.  That  such  a  reduction  in  temperature  would 
produce  glaoiation  is  not  then  apparent 

Using  a  different  method  of  calculation,  however,  I  have  arrived 
at  a  much  lower  temperature  for  the  winter  of  199  days. 

Assuming,  as  Sir  K.  Ball  has  done,  that  the  direct  heat  of  the  sun 
is  expended  in  keeping  the  earth  above  — 300°,  and  taking  our  mean 
January  temperature  of  36*9°  for  convenience  of  oompanson  with 
the  January  isotherms,  we  have  the  following  calculation : 

336*9°,  the  temperature  maintained  by  the  direct  heat  of  the  sun 
at  present,  x  iii  =  303°,  the  same  when  that  heat  is  spread  over 
199  instead  of  179  days. 

This  gives  a  mean  Jauuary  temperature  of  3°,  or  a  mean  winter 
temperature  of  9°,  if  we  suppose  this  latter  6°  in  excess  as  at 
present. 

This  would  probably  give  us  the  winter  climate  of  some  part  of 
that  strip  of  Greenland  before  alluded  to,  and  lying  between  the 
S.E.  coast  and  a  line  drawn  from  about  Clavering  Islands  on  the 
east  to  the  point  where  the  Arctic  circle  cuts  the  west  Coast  This 
would  indicate  a  climate  like  that  of  the  above  glaciated  region ; 
but  is  it  a  necessary  consequence  that  such  a  winter  would  produce 
perpetual  snow  in  our  latitude  ? 

We  must  remember  that  the  heat  received  during  summer  would 
be  the  same  in  quantity  as  at  present,  though  concentrated  into 
fewer  days;  and  the  question  to  be  decided  is,  would  this  heat  be 
sufficient  to  melt  the  snow  of  the  previous  winter  or  not  ?  It  is  not 
quite  obvious  that  it  would  be,  and  the  point  seems  one  for  careful 
consideration  and  calculation. 

What,  for  example,  would  be  the  effect  on  the  ice  of  Greenland 
if  we  could  transfer  our  summer  there  for  a  few  years  without 
altering  its  winter  ?  One  is  inclined  to  suggest  that  a  gradual 
clearing  of  the  country  from  perpetual  snow  and  ice  would  take 
place.  And  a  comparison  of  the  part  of  Greenland  under  consider- 
ation with  the  neighbourhood  of  Lake  Superior  and  Quebec  which 
lies  between  the  same  January  isotherms  is  instructive.  For  while 
the  former  is  glaciated,  the  latter  is  not ;  nor  are  those  portions  of 
Asia  south  of  60°  N.  lat,  lying  between  the  same  isotherms.  And 
the  reason  of  this  is  doubtless  their  much  hotter  summers.  Hence, 
although  our  summer  heat  supply  may  be  less  than  that  of  the  above 
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regions,  it  is  still  sufficiently  greater  than  that  of  Greenland  to  maks 
it  difficult  to  believe  that  a  mean  winter  temperature  of  ^^  wottld 
reduoe  our  country  to  the  present  state  of  the  latter. 

We  may,  then,  conclude  that  a  mean  winter  temperature  of  2P, 
or  even  of  9°,  does  not  necessarily  imply  glacial  conditions  like  tkoM 
of  Greenland  at  present. 

From  Sir  R.  Ball's  data  again,  the  average  summer  temperature 
during  the  most  genial  period  possible,  viz.  when  the  summer  is 
199  days  and  the  winter  166,  can  be  calculated.     The  present  mean 
daily  heat  of  summer  is  1*24,  and  during  the  summer  of  199  days 
it  would  be  1*16.     This  gives  a  reduction  of  0'08  of  a  heat  unit, 
and  since  each  tenth  of  a  unit  corresponds  to  a  fall  of  30*^,  we  have 
tVx30°=24°  as  the  difference  in  average  temperature  between  our 
summer  and  that  of  the  most  genial  period.     If  we  take  the  July 
isotherms  as  rough  guides  to  the  average  summer  temperature,  this 
would  give  us  a  Oreenland  summer  during  the  most  genial  period. 
Such  a  summer  climate  can  scarcely  be  supposed  to  have  tempted 
the  plants  and  animals  of  the  tropics  or  subtropical  regions  to  wander 
north  to  our  latitudes. 

If,  then,  the  burden  of  accounting  for  tropical,  or  subtropical,  as 
well  as  glacial  periods  is  to  be  laid  on  the  Astronomical  Theory  of 
Olaciation,  the  revised  form  must  be  declared  wanting. 

But  these  reductions  of  winter  and  summer  temperatures  depend 
largely  on  the  number  — 300,  which  has  been  used  in  the  calculations, 
and  its  use  requires  some  justification.  If  the  whole  yearly  heat 
supply  of  a  hemisphere  had  been  reduced,  and  not  merely  the  daily 
average  of  winter;  or  if  the  earth  in  the  absence  of  the  sun  could 
very  rapidly  cool  down  to  — 300°;  then  the  above  calculations  might 
be  taken  as  approximately  true.  But  the  yearly  heat  supply  is  not 
appreciably  altered.  Moreover,  the  earth— or  particular  hemisphere 
under  consideration — has  a  certain  temperature  due  to  the  heat  of 
the  previous  summer  ;  and  this  temperature  must  share  with  the  winter 
heat  supply  the  task  of  maintaining  the  hemisphere  above  — 30^)°. 
Suppose  this  temperature  resulting  from  the  heat  of  the  previous 
summer  to  be  55^.  If,  in  the  absence  of  the  sun,  the  earth  could 
sink  from  this  to  —300°  in  a  few  days,  then  this  factor  might  be 
neglected. 

But  supposing  that  instead  of  the  above  rapid  rate  of  cooling  it 
required,  say,  six  months  to  cool  down  to  —100°;  then,  instead  of 
— 800,  we  should  have  to  use  — 100  in  our  calculations,  and  this 
would  make  important  differences  in  our  reasonings.  I  am  not 
prepared  to  assert  that  —100  is  the  correct  number,  but  it  seems 
almost  certain  that  —300  is  too  low,  and  that  the  earth  would  not 
sink  to  so  low  a  temperature  in  six  months.  For  the  rate  of  cooling 
of  a  heated  body  diminishes  rather  rapidly  with  the  diminution  of 
its  excess  of  temperature.  Thus  the  rate  of  cooling  for  an  excess  of 
80°  C.  is  little  more  than  a  tenth  of  what  it  is  for  240°  C.  Again,  it 
has  been  shown  that  the  rate  of  cooling  diminishes  with  the  density 
of  the  surrounding  air  up  to  a  pressure  of  TTr<roVzruTr  of  an  atmosphere. 
But  the  earth's  heat  before  it  can  radiate  into  stellar  space  must 
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Miss  through  the  exceedingly  attenuated  upper  strata  of  the  at- 
nosphere.  Again,  if  cooling  down  to  — 300^  within  six  months 
were  possible,  we  should  expect  to  find  some  approach  to  this  in 
the  lowest  recorded  temperatures  of  the  Arctic  regions  during  the 
absence  of  the  sun.  It  is  true  that  in  these  regions  the  temperature 
is  modified  by  warm  winds  and  waters.  Yet  on  still,  clear  nights, 
in  places  removed  from  the  influence  of  ocean  currents,  these  modi- 
fying causes  will  be  reduced  to  a  minimum.  I  have  not  myself 
oome  across  any  record  of  temperature  so  low  as  — 80^,  and  even  if 
we  suppose  it  sometimes  sinks  lower,  we  have  still  no  indication 
that  — 100^  is  too  high  for  our  calculation.  And  we  have  to 
remember,  as  a  set  off  against  the  influence  of  winds  and  currents, 
and  probable  lower  temperatures  than  any  yet  recorded,  that  the 
intense  cold  of  the  Arctic  regions  may  be  due  to  other  causes  besides 
radiation.  The  evaporation  which  takes  place  from  the  surface  of 
ice  and  snow  itself  reduces  the  temperature  already,  it  may  be,  far 
below  freezing.  Snow,  i^in,  falling  on  the  open  sea  melts  even  in 
water  already  below  freezing,  and  thereby  adds  to  the  cold. 

And  there  is  another  consideration  which  seems  to  show  that 
—100^  or  even  higher  is  a  more  suitable  point  to  reckon  from  than 
—300®.  According  to  Sir  R.  Ball  the  present  difference  in  the  mean 
daily  average  of  heat  between  summer  and  winter  is  1  •24— 0*75,  or 
0'4y.  If  tV  of  a  unit  means  30°  difference  in  temperature,  then 
•49  would  be  equivalent  to  30°x4'9=147°.  And  our  present  July 
temperature  is  60°  1  The  average  difference  between  summer  and 
winter  is  about  20°  This  would  seem  to  indicate  that  —50°  is  the 
most  correct  starting-point. 

Taking  —200°  or  —100°  as  starting-points,  then,  according  to 
Sir  R.  Ball's  calculation,  the  tenth  of  a  heat  unit  will  mean  20°  or 
10°  instead  of  30°,  and  the  reduction  in  the  average  winter  tempera- 
ture would  be  tVx20°=14°,  or  -tVxlO°=7°  This  would  give 
28*3°,  or  35-3°,  as  the  average  winter  temperature  during  the  winter 
of  199  days. 

With  these  figures,  then,  the  Revised  Astronomical  Theory  seems 
insuflicient  to  account  for  glaciation.  On  the  other  hand,  they 
permit  to  a  warmer  summer  during  a  genial  period. 

It  appears,  then,  that  a  suitable  temperature  as  a  basis  for  cnlaiJa- 
tion  is  the  imperative  need  of  the  Theory,  and  that  the  use  of  — 300° 
has  not  been  justified. 

In  his  statements  concerning  the  effects  of  varying  eccentricity 
and  the  precession  of  the  equinoxes  on  the  length  of  the  seasons. 
Sir  R.  Ball  is  not  quite  so  clear  as  might  be  desired  on  a  point  of 
Buch  primary  importance  to  his  Theory.  Thus,  on  p.  95,  we  find 
the  statement  that,  **  with  the  present  eccentricity  of  the  earth's  orbit, 
the  great  possible  difference  between  summer  and  winter  would 
amount  to  33  days.  I  do  not  mean  that  the  actual  disparity 
between  summer  and  winter  at  the  present  moment  is  so  much  as 
this:  it  only,  in  fact,  amounts  to  seven  days,  because  at  present  the 
line  of  equinoxes  does  not  happen  to  be  adjusted  in  the  manner 
described." 
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Bat  on  page  97  we  read  :  ''  When  all  etrcumstances  amibiM  to 
accentuate  as  much  as  possible  the  difference  in  the  lengths  of  the 
seasons,  one  of  them  may  be  199  days  long  and  the  other  166." 

Again,  on  page  153,  we  find  the  statement  that  seven  days  is 
the  greatest  possible  difference  between  the  seasons  under  present 
eccentricity  :  **  So  long  as  the  eccentricity  of  the  earth's  orbit  remain 
at  its  present  value^  the  difference  between  the  lengths  of  the  seaaons 
will  fluctuate  between  the  extreme  values  of  a  winter  seven  days 
longer  than  a  summer,  and  a  summer  seven  days  longer  than  a 
winter." 

Yet,  as  we  have  seen,  it  is  expressly  stated,  on  page  95,  that  the 
present  position  of  the  line  of  equinoxes  is  not  such  as  to  prodnoe 
the  maximum  difference  possible  for  the  present  eccentricity.  And 
on  page  167  it  is  stated  that  the  present  seasonal  difference  ii 
••  near  its  maximum  for  the  present  eccentricity  of  the  orbit" 

The  true  law  is  stated  on  page  152  thus:  **The  differences 
between  the  lengths  of  the  seasons  is,  as  a  mathematician  would 
say,  a  function  of  two  other  independent  quantities ;  it  partly 
depends  upon  the  eccentricity  of  the  earth's  orbit,  and  partly  on  the 
longitude  of  the  perihelion,  that  is  to  say,  on  the  position  of  the  line 
of  equinoxes  with  respect  to  the  longer  axis  of  the  earth's  orbit ;  if 
there  were  no  eccentricity,  there  could  be  no  difference  in  the  lengths 
of  the  seasons,  no  matter  where  the  line  of  equinoxes  may  lie.  On 
the  other  hand,  no  matter  what  the  eccentricity  may  be,  there  would 
be  no  difference  in  the  lengths  of  the  seasons  if  the  line  of  equinoxes 
passed  through  perihelion."  That  is  to  say,  for  each  value  of  the 
eccentricity  the  difference  in  the  length  of  the  seasons  may  vary 
from  zero  to  a  certain  maximum  value  determined  by  the  eooentncity. 
lliis  maximum  difference,  Sir  R.  Ball  states,  is  found  by  multiplying 
the  eccentricity  by  465.  Taking  '0167922,  the  figures  given  by 
Sir  J.  Herschel  as  the  present  eccentricity,  we  obtain  7-8  days  as 
the  maximum  difference,  lliis  maximum  will  occur  when  the  line 
of  the  equinoxes  is  perpendicular  to  the  major  axis  of  the  ellipse  of 
the  earth's  orbit ;  and  the  seasons  will  be  equal  when  it  coincides 
with  the  major  axis.  And  by  what  is  called  precession  of  the 
equinoxes  this  line  describes  complete  circles  round  the  sun  as 
centre,  and  thus  takes  up  successively  every  possible  position  in 
relation  to  the  major  and  minor  axes  of  the  earth's  orbit 

With  the  greatest  possible  eccentricity  the  difference  between  the 
seasons  may  attain  to  0*0745x465,  that  is,  33  days. 

In  the  above  quotations  the  italics  are  mine. 

A  slip  appears  to  occur  on  p.  81  in  reference  to  Fig.  2,  p.  82. 
Instead  of  **  the  part  AB  is  comparatively  near  the  sun,  while  the 
other  part  XY,  is  as  far  as  possible  from  the  sun,"  should  we  not 
read,  **  the  part  AB  is  sls  near  the  sun  as  possible,  while  the  other, 
XYy  is  comparatively  far  from  the  sun  "? 

And  on  p.  82,  when  we  read,  "  it  therefore  sweeps  across  from 
X  and  [to?]  Fin  much  less  time  than  it  takes  to  pass  from  A  to  B" 
the  reverse  is  doubtless  intended. 

Sir  B.  Ball  has  brought  forward  certain  facts  in  botanical  distri- 
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bati<m  as  witnesses  of  the  trath  of  the  Bevised  Astronomical  Theory, 
llie  facts,  however,  seem  to  me  rather  to  testify  against  it.  The 
argument  is  briefly  thus : 

It  has  long  been  known  that  certain  temperate  forms  of  plants  in 
T^ons  far  removed  from  each  other  and  on  opposite  sidea  of  the 
iquaioTf  exhibit  a  remarkable  similarity. 

So  great  is  the  likeness  that  it  is  supposed  that  those  in  the  south 
must  have  migrated  from  the  north,  or  vice  versa.  They  muRt, 
then,  have  crossed  the  equator,  and  that  they  did  so  is  a  proof  that 
equatorial  regions  were  at  one  time  cooled  down  sufficiently  to 
permit  of  the  existence  in  them  of  these  temperate  forms  of 
v^etation.  And  the  Astronomical  Theory  requires  that,  equatoricd 
regions  in  the  glaciated  hemisphere  should  be  thus  cooled  down. 
Thus  the  botanical  facts  seems  to  confirm  the  Astronomical  Theory. 

But,  although  the  lengthening  of  one  season  will  reduce  its  average 
temperature,  that  of  the  other  will  be  increased  by  the  corresponding 
shortening.  And  if  the  present  heat  of  the  tropics  during  summer 
in  our  northern  hemisphere  would  be  fatal  to  temperate  plants,  much 
more  would  it  be  so  during  glaciation  when  the  summer  supply 
of  heat  was  concentrated  into  166  days.  A  calculation  of  what 
the  temperature  of  the  glacial  summer  would  be  from  Sir  R.  Ball's 
figures  will  perhaps  make  this  more  obvious.  The  mean  daily  heat 
during  the  glacial  summer  is  given  as  1*38,  and  at  present  as  1*24, 
which  gives  a  difference  of  *]4.  Now  if  '1  of  a  heat  unit  corre- 
sponds to  80°,  -14  will  correspond  to  43.°  Taking  the  present 
average  temperature  of  our  equatorial  regions  as  80°,  this  gives  122° 
as  that  of  the  glacieJ  summer ! 

The  botanical  facts,  then,  seem  to  testify  that  if  a  glacial  period 
helped  the  plants  over  the  equator,  glaciation  was  not  brought  about 
according  to  the  Revised  Astronomical  Theory. 

In  seeking  in  the  stratified  rocks  for  evidence  of  the  numerous 
glacial  periods  which  must,  according  to  the  Astronomical  Theory, 
have  occurred  in  the  past,  Sir  R.  Bairs  method  of  interpreting  the 
record  has  at  least  the  merit  of  novelty.  Dr.  CroU,  and  other 
geologists,  when  in  search  of  such  evidence  have  weighted  them- 
selves with  the  necessity  of  finding  scratched  and  polished  boulders, 
erratics,  and  other  deposits  analogous  to  those  formed  during  the 
latest  ice  age.  Sir  R.  Ball  has  rid  himself  of  this  impediment,  and 
finds  in  the  ordinary  alternation  of  stratified  beds  a  record  of  alter' 
note  mild  and  glacial  epochs. 

The  scarcity  of  evidence  of  former  Ice  Ages,  sufficient  to  satisfy 
the  average  geologist,  is  well  known,  and  has  hitherto  formed  one 
of  the  most — if  not  the  most — serious  stumbling  blocks  in  the  way 
of  the  Astronomical  Theory  of  Glaciation.  And  the  Revised  Theory 
suffers  more  in  this  respect  than  did  that  of  Dr.  Croll.  For  accord- 
ing to  the  former  glaciation  follows  as  a  necessary  consequence, 
whenever  the  requisite  astronomical  conditions  occur,  viz.  whenever 
hy  combination  of  high  eccentricity  and  the  approach  of  the  line  of 
equinoxes  to  a  position  perpendicular  to  the  major  axis  of  the  earth's 
orbit,  the  difference  in  length  between  the  two  seasons  becomes 
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wat^rbtxkHj  aooeatsated.  Dr.  CroQ,  on  tke  odwr  kaad,  ham  shm, 
as  ve  haT4  leeo,  that,  aeoordmi^  to  kk  Tiews,  the  imi^ucinl  coa- 
diuooj  maj  occar  wiikomi  Ugfiing  to  gljciinon.  ffgooe^  acracdiif 
to  the  Rerrued  Th^orj.  a  lar^^  number  of  giacial  peiiods  in  tke  paa 
is  Deceaaary,  and  heoce  a  larger  aaoaiit  of  eridenoe  of  sach  ihiiaH 
be  expected  from  the  g^>lf>«pcal  record. 

The  impewfeeUom  of  tht  neord  dovbcleai  aecooiita  for  modi,  j«t  it 
is  difficak  to  beiiere  that  glacial  period*  oooM  hare  ooctured  in  the 
pMt  with  tbe  freqaeocj  demanded  bj  the  Beriaed  Aatrooomieal 
Theory  vithoat  leaving  moch  more  eridenoe  of  their  ocicimence 
than  has  jet  been  forthcoming. 

In  ooncloMon,  I  hare  not  wished  in  the  foregoing  remarki  t» 
■how  that  the  Aatrooomieal  Theory  is  insofEicient  to  aociiont  ix 
giaciation.     I  hare  rather  eodeaToored  to  call  attention  to  oertaia 
calcnlatioos  which  will  hare  to  be  made,  and  certain  facts  which 
will  hare  to  be  established  before  the  Berised  form  can  be  geoerallj 
reoeired  as  a  satisfactory  explanation.     Thos  it  will  hare  to  be 
shown,  by  careful  calcalation  and  comparison  with  existing  climates* 
that   the   reduction   of   the   arerage   winter   temperatore    by  the 
lengthening  of  that  season  would  be  sofScient  to  produce  in  our 
latitudes  a  snowfall  comparable  to  that  of  Greenland  at  the  present 
day.     And  granting  such  a  snowfall,  it  will  hare  to  be  shown  that 
all  the  heat  of  the  socoeeding  snmmet — the  same  t»  asiomi  as  mam — 
would   be  insufficient  to  melt  it     And  in  order  to  calonlate  the 
reduction  in  temperature,  due  to  the  lengthening  of  the  winter,  a 
suitable  datum  line  of  temperature  will  have  to  be  fixed  upon,  after 
a  careful  consideration  of  the  numerous  factora  involved. 

The  supposed  confirmation  of  the  Astrouomical  Theory  in  the 
present  distribution  of  temperate  plants  north  and  south  of  the 
equator,  I  have  endeavoured  to  show  is  rather  a  contradiction,  since 
the  burning  heat  of  the  equatorial  summer  during  glaciation  would 
render  the  passage  of  such  plants  across  the  equator  even  more 
unlikely  than  it  is  to-day. 

I  have  demurred  again  to  the  suggestion  that  Sir  R.  Ball's  dis- 
covery  removes  any  difficulty  from  the  older  Theory  of  Dr.  Croll, 
and  have  drawn  special  attention  to  the  essential  differences  between 
the  two  views.  I  have  pointed  out  that  the  newer  view  more 
urgently  demands  evidence  of  former  glacial  periods  in  the  geological 
record,  and  noted  the  easy  way  in  which  Sir  R.  Ball  proposes  to 
meet  this  demand. 

I. — Orolooy  of  the  Cbntbal  Himalayas.  By  C.  L.  Gbissbagh, 
CLE.,  Superintendent,  Geological  Survey  of  India.  Memoirs 
of  the  Geological  Survey  of  India,  Vol.  XXIII.  1891,  pp.  232, 
ru.  27,  Phototypes  in  the  text  31,  and  2  Maps. 

BY  the  term  '  Central  Himalayas '  the  author  includes  that 
portion  of  the  system  of  mountain  ranges  fringing  the 
southern  margin  of  the  the  Tibetan  Highlands,  in  which  Uie  head* 
ivrateni  of  (he  Ganges  drainage  are  situated,  and  which  extend  to 
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lie  Bortb-west  as  far  as  the  Satlej  gorge.  Within  this  area  the 
jentral  Himalayas  may  be  divided  into  a  Northern  range,  in  whioh 
8  the  water-shed  of  the  region,  and  a  Southern  range  which  contains 
he  highest  peaks.  This  latter  is  mainly  formed  of  crystalline  rooks, 
chiefly  gneisses  and  metamorphio  schists,  whilst  the  Northern  range 
8  almost  entirely  composed  of  a  vast  thickness  of  sedimentary 
strata  ranging  from  the  lowest  Palaeozoic  to  late  Tertiary.  This 
nemoir  mainly  relates  to  the  character  of  these  sedimentary  deposits, 
srhich  are  now  elevated  so  as  to  form  a  high  rim  round  the  southern 
kige  of  the  great  high  plateau  of  Hundes,  whioh  in  its  lowest  portion 
18  12,000  to  16,000  feet  above  sea-level.  The  principal  geological 
features  of  this  region  have  already  been  made  known  in  the  works 
of  General  Strachey  and  Dr.  F.  Stoliczka ;  the  present  report,  whioh 
is  the  result  of  nearly  twelve  years'  investigation,  very  materially 
adds  to  our  knowledge  of  its  geological  structure,  and  in  some 
respects  considerably  modifies  the  descriptions  of  the  earlier  writers. 

The  region  under  consideration  is  indeed  a  wild  one ;  a  large  part 
of  it  is  above  the  line  of  perpetual  snow,  which  in  the  Southern 
range  is  between  15,000  and  16,000  feet  above  the  sea,  and  in 
the  Northern  somewhat  higher.  Nearly  every  valley  above  these 
elevations  has  its  glacier,  and  some  of  these  range  from  five  to 
sixteen  miles  in  length.  A  fact,  interesting  to  glacial  geologists,  is 
noted  by  the  author,  viz.  that  during  years  of  observation  he  failed 
to  find  striated  and  polished  boulders  in  the  moraines  of  these 
glaciers,  whilst  the  bounding  rock- walls  of  the  glacier- valleys  do 
not  show  the  smooth  and  rounded  surfaces,  usually  seen  in  other 
regions,  and  it  is  supposed  that  subaerial  denudation  and  rapid 
weathering  has  obliterated  the  ice-markings.  From  the  presence 
of  morainic  material  at  lower  levels,  the  author  concludes  that  the 
glaciers  must  formerly  have  extended  much  further  than  at  present. 
In  one  respect  the  geologist  has  an  advantage  in  these  high  mountain 
regions,  for  the  rocks  are  not  hidden  by  vegetation,  and  in  the  absence 
of  snow  the  main  stratigraphical  features  can  be  noted  readily  even 
from  a  distance. 

The  main  mass  of  the  Himalayas  consists  of  an  enormous  thick- 
ness of  crystalline  rocks,  in  which  two  systems  can  be  recognized  ; 
an  older  of  granitic  gneiss,  which  is  now  known  to  be  metamorphio 
granite ;  and  a  younger  series  of  micaceous  schists,  talcose  rocks, 
phyllites  and  gneiss,  to  which  the  name  of  "Vaikrita"  system  is 
applied.  Both  the  lower  gneiss  and  Vaikrita  systems  are  inter- 
penetrated by  veins  and  masses  of  eruptive  granite,  which  also 
traverse  the  next  overlying  Haimanta  rocks. 

The  lowest  distinctly  sedimentary  rocks,  which  rest,  without  any 
cWr  line  of  division,  on  the  Yaikrita  schists  and  gneiss,  consist  at 
their  base  of  thick  beds  of  conglomerate  and  purple  quartzites,  suc- 
ceefled  by  shales  and  phyllites,  and  limited  above  by  a  zone  of  bright 
red  quartz  shales,  with  an  estimated  thickness  altogether  of  4000 
feet.  This  series,  named  the  '*  Haimanta "  system,  is  probably  the 
equivalent  of  the  Cambrian  and  older  divisions,  and  may  correspond 
with  Straohe3''s  azoic  slates.  The  only  organisms  yet  found  in  them, 
are  traces  of  Crinoid -steins,  casts  of  bivalves  and  ol  Bellerophou. 
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^Conformably  succeeding  the  Haimanta  rocks  in  the  sections 
between  the  parallel  ranges  of  the  Central  Himalayas,  is  a  series  of 
shaly  quartzites  alternating  with  coral  limestones  about  300  feet  in 
thickness,  which,  on  the  evidence  of  the  fossils,  are  referred  to  the 
Lower  Silurian,  and  resting  on  these  are  quartz! te  beds  about  1000 
feet  thick,  which  are  placed  as  Upper  Silurian,  although  the  fossils 
in  them  have  not  yet  been  fully  determined. 

Next  in  ascending  order  are  dark  limestones,  about  650  feet  in 
thickness,  containing  Corals,  Crinoids  and  Brachiopods,  which  are 
doubtfully  placed  as  Devonian ;  following  these  are  red  crinoidal 
limestones  considered  to  be  Lower  Carboniferous  and  white  quart- 
zites and  dark  limestones  with  Productus,  belonging  to  the  Upper 
Carboniferous.  In  Spiti,  limestones  containing  Athyris  royssii,  FrO' 
ductusy  etc.,  probably  represent  the  highest  beds  of  the  Carboniferous 
in  this  region. 

According  to  Mr.  Griesbach*s  experience,  there  is  a  gradual 
passage  between  the  different  Palssozoic  formations  in  the  Hima- 
layas, and  from  the  phyllites  and  quartz  shales  of  the  Haimantas  or 
Cambrian,  to  the  Upper  Carboniferous,  there  is  a  perfect  and  con- 
tinuous sequence  without  the  slightest  unconformity.  There  are 
evidences  of  considerable  physical  changes  at  or  near  the  close  of 
the  Carboniferous  period,  and  the  strata  of  this  age  are  in  places 
unconformably  overlapped  by  shales  with  ProduetuSt  considei^ 
to  be  Permian.  The  interruption  between  the  Carboniferous  and 
Permian  is  followed  by  another  long  interval  without  a  break, 
which  continued  until  after  the  deposition  of  the  Liassic  limestones. 

The  Permian  Productus  shales,  not  over  250  feet  in  thickness,  are 
followed  by  the  lowest  beds  of  the  Triassic  series  containing  Otoreras. 
This  series  in  the  Northern  range  of  the  Himalayas  consists  mainly 
of  limestones,  dolomites  and  shales,  in  all  about  4000  feet  in  thick- 
ness. The  resemblance  between  the  Triassic  rocks  of  this  region 
and  the  Alpine  facies  of  the  same  formation,  long  since  recognized 
by  Salter,  Strachey  and  Suess,  is  confirmed  by  Griesbach,  who 
divides  this  series  into  Lower,  Middle,  and  Upper,  corresponding 
respectively  to  the  Bunter,  Muschelkalk,  and  Keuper  of  Germany. 
The  Rhsstic  series  of  the  Himalayas  consists  also  of  limestones  and 
dolomites,  and  resting  on  them  are  shelly  limestones  of  Liassic  age, 
having  a  thickness  altogether  of  2000  to  2500  feet.  As  in  the 
Triassic,  there  is  also  in  these  Rbaetic  and  Liassic  rocks  a  very 
strong  resemblance  to  the  corresponding  formations  in  the  Alps,  not 
only  as  regards  the  fossils,  but  in  lithological  character  as  well. 

There  seems  to  be  an  unconformity  or  interruption  between  the 
Lias  limestones  and  the  next  succeeding  Spiti  shales,  which  contain 
Ammonites  and  other  fossils  of  Middle  and  Upper  Jurassic  type. 

Kesting  on  the  Jurassic  Spiti  shales  there  are  sandstones  and 
shales  with  Belemnites  probably  of  Cretaceous  age.  Above  these 
are  light-grey  limestones  with  Upper  Cretaceous  marine  fossils, 
which  are  exposed  in  sections  north  of  the  Niti  Pass,  and  in  other 
passes  across  the  watershed  between  the  Ganges  and  the  Sutlej  at 
elevations  between  16,000  and  18,000  feet  above  the  sea. 
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Apparently  oonformable  to  the  Upper  Cretaoeous  strata,  there  is 
m  the  Handes  high  plateau  a  marine  Nummulitic  formatioQ  much 
disturbed  and  altered  by  igneous  rocks,  and  above  this,  but  unoon- 
formablj,  are  sandstones  resembling  the  Siwaliks  in  charaoter,  but 
without  fossils.  The  sandstones  are  covered  by  the  horizontally 
stratified  beds  of  Newer  Tertiary  age,  which  form  the  plain  of 
Hnndea,  extending  120  miles  in  length  by  15  to  60  miles  in  breadth, 
at  an  eloTation  of  about  15,000  feet  above  the  sea.  The  sections  in 
the  ravines  of  the  Sutlej,  nearly  3000  feet  deep,  show  that  this 
plain  is  oomposed  of  boulders,  gravel,  clay,  and  mud  of  all  degrees 
of  fineness.  The  only  fossils  known  from  these  beds  are  Mammalian 
bones,  which  were  at  first  considered  to  be  of  Siwalik  age,  but 
Lydekker  has  shown  that  they  belonged  to  living  genera,  and  that 
ooosequentlj  the  deposits  are  of  late  Pliocene  or  even  Pleistocene 
age.     Griesbach  considers  the  beds  to  be  of  lacustrine  origin. 

The  lines  of  flexures  which  form  the  Himalayas  are  considered  by 
ibe  author  to  have  existed  in  Paleeozoic  times ;  but  the  great  lateral 
oompressions  which  pushed  up  the  enormous  masses  of  the  Central 
Asian  plateau  with  its  fringing  rims  of  mountains  were  evidently 
formed  after  the  deposition  of  the  Miocene  beds,  since  these  latter 
are  contorted  and  crushed,  whilst  they  are  covered  by  the  nearly 
horizontal  newer  Tertiary  deposits,  just  refetred  to.  which  are  almost 
unaltered ;  consequently  the  crushing  must  have  taken  place  between 
the  deposition  of  the  Miocene  and  Pliocene  formations. 

In  Part  II.  the  author  gives  a  description  of  some  of  the  principal 
sections,  including  those  of  Painkanda  (Garhwal)  and  the  Bhot 
Mahals  of  Kumaun,  with  notes  on  the  Central  Himalayas  between 
the  £amet  Peak  and  Spiti.  A  special  feature  in  this  Memoir  is  the 
number  of  excellent  figures  of  natural  profiles  and  ideal  sections, 
the  latter  constructed  on  the  scale  of  one  mile  to  an  inch  both  for 
the  vertical  and  horizontal  dimensions.  To  these  are  added  numerous 
heliographic  reproductions  of  photographs,  taken  by  the  author, 
which  afford  realistic  pictures  of  the  physical  and  geological  features 
of  the  regions  described,  and  they  show  very  clearly  the  wonderful 
extent  of  folding  and  contortion  which  the  rocks  have  undergone. 
It  may  be  said  that  the  value  and  interest  of  this  report  is  as  much 
doe  to  the  well-known  artistic  ability  of  the  author  as  to  his  capacity 
as  an  able  geological  investigator. 

IL — PROCBBDINGS  OF  THB  YORKSHIRE  GEOLOGICAL  AND  PoLYTEGHNIO 

Society,  Vol.  XII.  Part  I.  pages  1-130,  with  4  Plates.     8vo. 
(Halifax.  1892.) 

THIS  comprises  some  very  interesting  and  useful  papers. 
I.  T.  Hick  gives  a  resume  of  the  latest  information  about  the 
growth  and  structure  of  the  Calamtke  from  the  Coal-measures  of 
Yorkshire. 

II.  B.  Holgate,  by  means  of  a  very  careful  examination  of  60  beds 
of  the  Coal-measures  at  Leeds  (Patent  Brickyard,  No.  1 ;  Patent 
Brickyard,  No.  2 ;  Boyle's  Brickyard ;  and  Gould  and  Stevenson, 
Honslet)  finds  reasons  for  indicating  the  original  oonditiona  «ai<^ 
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moHe  of  origin  of  the  Beveral   strata,   defining  their  medio^  at 
deposition    and    their    properties.     These    strata   are   KocoeMrnriy 
arranged  (from  helow  upwards)  in  a  long  table  <  pages  l*>-2l*p  witk 
(1;  their  h>cal  names;  (2)  their   original   constitoenta.  and  their 
included  animals  and  plants ;  (S)  the  mode  of  their  formasioa  m 
de[K>sit8 ;  (4;  the  clianges  that  have  taken  place  in  them  sinoe  their 
deix>sition ;  (5)  their  present  properties  and  nses;  \*yi  their  thick- 
neHses.     ThuA.  taking  a  series  of  Mr.  Holgate's  results  in  onier,  it  is 
pointed  out  that  there  is  indication  of  dj  a  beach:  then  <2»  of  dry 
land  of  fine  siliceous  loam  :  (3)   sinking  land  (with  spores,  fisb- 
remains,  and  treesj ;  (4)  land  still  sinking,  and  the  deposit  becoming 
c^^arser,  with  the  water  almost  motionless,  away  from  the  force  of 
the  stream ;  (5)  centre  of  the  stream,  water  flowing  more  qoicklj; 
(6;  direction  of  river  still  changing,  water  with  quickening  speed; 
(7)  ripple-marks  at  top,  stream  changing  course  and  leaving  ripple- 
marks  dry  ;  (8)  stream  again,  over  dried  sandstone,  depositing  fine 
white  sand,  which  takes  casts  of  ripple-marks  below  ;   (9)  centre  of 
stream  now  at  some  distance,  and  water  moving  gently ;  (10)  water 
more  rapid;  (11)  water  very  slow;    mud  with  Anthracosiae,  fish- 
scales  and  water-plants;  (12)  stream  quickening,   and  so  on,  witk 
ever  variable  conditions  of  muds,  sands,  and  coals,  with  or  without 
Fishes,  Anthracosiae,  Liepidostrobi,  Stigmaris,  Ferns,  Calamitea,  etc. 
The   salt  and  mineral  waters  are  referred  to;    the  seat-earths  or 
fire-clays  with  their  included  roots  and  rootlets,  are  especially  noticed 
(pp.  11-13),  with  their  relation  to  the  trees  and  plants  once  rooted 
in  them,  and  to  the  coal-beds  overlying  them.     The  shales,  including 
the  blue,  brown,  and  grey  *'  binds,"  and  the  ironstone  nodules,  some 
of  wliich  yield  the  **  best  Yorkshire  iron,"  are  also  described*  botk 
in  the  Table  and  at  pages  13  and  14. 

llie  evidences  of  the  growth  of  land  and  its  replacement  by  water, 
at  this  area,  usually  with  river-currents,  but  once  at  least  forming  a 
lake,  with  mud  full  of  fishes  and  molluscs,  are  interesting,  and 
apparently  very  judiciously  worked  out  The  chemical  action  in 
dissolving  and  redepositing  mineral-salts,  and  forming  concretions 
and  definite  nodules  are  noticed  ;  as  well  as  the  effects  of  lateral 
thrusts  and  slidings.  Lastly,  the  appreciations  and  uses  of  the 
several  beds,  and  their  measured  thicknesses,  render  this  memoir 
very  valuable  both  to  the  practical  people  of  Leeds  and  to  geologists 
in  general. 

III.  C.  £.  De  Hance  continues  his  important  researches,  with  the 
other  members  of  the  Underground  Water  Committee  of  the  British 
Association,  and  hero  treats  of  the  underground  waters  in  Lincoln- 
shire, as  proved  by  borings  at  Gainsborough,  Worksop,  Homcastle 
(tapping  at  Wood  hall  Sal  i  in  Spring  and  as  shown  in  the  Appendix, 
pp.  35-51)  by  the  supply  from  wells  and  borings  in  the  several 
geologiciil  series  of  strata,  there  being  about  15  water-bearing 
horizons,  half  of  which  are  regarded  as  good  for  a  public  water- 
supply. 

IV.  G.  R.  Vine  supplies  **  Notes  on  some  new  little-known  Eocene 
Folj/xoa,**  pp.  52-61,  mostly  from  Fareh(im  in  Hampshire.    The 
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itratiim  from  which  Mr.  A.  Bell  obtained  them  is  regarded  by  him 
18  *'  a  passage-bed  between  the  London  Clay  and  the  Braoklesham 
leries."  From  the  Eooene  beds  of  England  Mr.  Vine  here  enumerates 
9  species  of  the  OydoHimata ;  and  21  of  the  CheiloBtomaia ;  and  he 
iescribes  3  of  the  former,  and  4  of  the  latter  group. 

Y.  A.  S.  Woodward,  treating  of  the  **  Hybodont  and  Oestaciont 
Sharks  of  the  Cretaoeons  Period/'  first  refers  to  the  oharaoteristios  of 
the  HyhoduB  of  the  Lias  and  other  Mesozoio  formations,  and  proceeds 
bo  deaoribe  in  detail  some  of  the  special  characters  well  shown  in 
remains  of  H^bodu$  &a«asiM,  collected  from  the  Wealden  beds  of  the 
Hasting  ooast  by  the  late  Mr.  S.  H.  Beckles,  and  now  in  the  British 
If asenm.  One  of  the  specimens  is  shown  in  pi.  i.  and  another  in 
pi.  ii.  fig.  1.  A  dorsal  fin-spine  of  Syneehadon  (?)  from  the  Gault,: 
p.  66,  is  figured  in  pi.  ii.  fig.  2.  Some  characteristic  teeth  of 
Syneehodua  lUingworthi  (formerly  recognized  as  Acrodus  or  Hyhodus) 
are  described  pp.  66,  67,  and  figured  pi.  ii.  figs.  1-7.  The  author 
oonsiders  that  DrepnnephoruM,  and  some  Cretaceous  teeth  known  as 
8irophodu$  and  Aerodus  belong  to  CeBtracion  or  the  Port  Jackson 
Shark;  and  one  of  these,  Aerodus  rugo9U8,  he  here  describes  and 
figures,  p.  67,  pi.  ii.  fig.  8. 

YL  J.  £.  Bedford  directs  attention  to  ''Evidences  of  Glacial 
Action  near  Leeds,"  on  the  Ganiston  beds  of  the  Lower  Carboniferous 
shales  and  grits  quarried  at  Headingley,  in  the  valley  below  Mean- 
wood.  He  notices  moraine  material  of  sandy  clay,  with  irregular 
patches  of  sand,  and  containing  great  quantities  of  subangular  blocks 
of  grit- rock  derived  from  the  Ganiston  beds.  The  shales  below  have 
also  been  much  bent  and  crushed.  The  probable  direction  and  range 
of  the  ice  are  discussed. 

VII.  J.  S.  Tute  describes  a  limestone  conglomerate  of  Permian 
age  at  Markington,  and  a  section  of  Permian  beds  near  Wormald 
Green. 

VI IL  G.  R.  Vine  describes  (pp.  74-92),  and  figures  in  plates  iii. 
and  iv.  some  peculiar  Palseozoio  Polyozoa,  belonging  to  the  genera : — 
1.  Vinella,  Ulrich ;  1  species  and  variety  :  2.  Aacodietyon,  Nicholson 
and  Etheridge,  jun. ;  7  species :  3.  Bhopalonaria ;  2  species.  These 
appear  to  be  Ctenostamatous  Polyzoa  and  early  representatives  of 
the  Stoloniferous  Vesieularidce,  or  possibly  of  the  Eutoproeta.  The 
late  Mr.  Busk  noted  that  Mr.  Vine  was  the  first  to  indicate  this 
alliance  and  Mr.  Ulrich  accepted  it,  and  added  the  genus  VineUa  to 
the  group.  They  belong  to  the  Silurian,  Devonian,  and  Carboniferous 
formations  of  Britain  and  America.  They  consist  of  creeping  or 
attached  stolon-like  threads,  with  numerous  vesicles  (cells  ?  or 
zooecia?),  and  plate  iv.  illustrates  Ascodictyum  ailurienae  and  the 
recent  Valkeria  tuberoaa  together  for  comparison  of  the  fossil  and 
recent  forms. 

IX.  R.  Reynolds  illustrates  by  diagram  the  Intense  Rainfall  at 
Leeds  on  July  19th,  1891. 

X.  J.  Spencer,  proving  **  the  Affinity  of  Dadoxylon  to  Cordaitea,^^ 
observes  (p.  104)  that  **  so  long  as  Dadoxylon  was  regarded  as  a 
tnie  Pine,  it  appears  to  afibrd  a  strong  argument  against  the  theory 
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of  evolation ;  but  now  that  it  has  been  Bhown  thai  its  tuppowd 
affinity  with  the  Pines  is  based  entirely  upon  the  reeembljaioe  of 
its  wood  to  that  of  the  Arauoaria,  the  structure  of  the  whole  stenit 

Eith,  wood,  and  bark  being  taken  into  consideration,  it  is  seen  to 
ave  more  affinity  with  the  Cycads  as  seen  in  Cyea»  rtvolmia^  than 
with  Arauearia^  and  it  is  found  to  occupy  its  natural  place  both  in 
the  vegetable  kingdom,  and  in  the  order  of  its  appearance  in  geo- 
logical  time,  according  to  the  theory  of  evolution." 

XI.  £.  Jones  details  the  circumstance  of  the  farther  examinatioDS 
of  the  Elbolton  Cave,  and  states  that  continued  exploration  ii 
required. 

XII.  A  bibliography  of  memoirs  relating  to  the  geology  of  York* 
shire  for  lb89-90  is  appended  at  pages  119-122.  T.  R  J. 
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I.— April  27th,  1892.— Prof.  J.  W.  Judd,  F.R.S.,  Vice-President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  ''Notes  on  the  Geology  of  the  Northern  Etbai  or  Eastern 
Desert  of  Egypt;  with  an  Account  of  the  Emerald  Mines."  By 
Ernest  A.  Floyer,  Esq.,  F.G.& 

The  principal  feature  in  the  district  is  a  long  ridge  of  igneous 
npthrust  running  N.N.W.  and  S.S.E.,  in  which  porphyry  rises  into 
lofty  peaks,  whilst  the  lower  parts  are  formed  of  granites  and  sedi* 
mentary  rocks.  To  the  west  of  the  watershed,  sedimentary  rocki 
occur  dipping  slightly  to  the  west. 

The  following  succession  of  rocks  in  descending  order  is  given 
by  the  author: — Limestone,  sandstone,  clay,  *  cataract '-rock  (cor- 
responding to  the  Siock-granU  of  Walther),  and  compact  hard 
granite.  The  sedimentary  rocks  are  frequently  metamorphosed,  and 
the  author  states  that  every  stage  of  metamorphism  is  shown,  from 
sandstone  to  compact  green  granite.  The  blue  clay  shows  various 
kinds  of  metamorphism,  and  forms  the  pistachio-breccia  containing 
topazes,  and  the  mica-schist,  mica-slate,  and  taloose  blue  day  of  the 
mass  of  Zabbara  containing  emeralds. 

The  author  discusses  certain  theoretical  questions,  and  considers 
that  the  erosion  of  the  valleys  does  not  indicate  the  existence  of  a 
greater  rainfall  than  the  present  one.  He  concludes  by  giving  an 
account  of  the  emerald  mines. 

2.  "  The  Kise  and  Fall  of  Lake  Tanganyika."  By  Alex.  Carson, 
Esq.,  B.So.     (Communicated  by  R.  Kidston,  Esq.,  F.R.S.E.,  F.G.8.) 

In  this  paper  attention  is  called  to  certain  recorded  discrepancies 
concerning  the  discharge  of  Tanganyika  by  the  Lukuja.  It  is 
suggested  that  the  rise  of  the  lake  is  due  to  the  blocking-up  of  the 
river  by  vegetation,  assisted  by  silting  during  the  first  rains,  whilst 
the  fall  is  produced  by  the  destruction  of  the  barrier  formed  in  this 
maimer. 
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n.— May  11th,  1892.— W.  H.  Hudleston.  E8q.,  M.A.,  F.R.S.,— 

President,  in  the  Chair. — ^The  following  commanioations  were  read  : 

1.  "  On  the  ao«called  Gneiss  of  Carboniferous  age  at  Guttannen 

(Canton   Berne,   Switzerland)."     By  Prof.  T.  G.  Bonney,  D.Sc., 

LL.D.,  r.R8.,  V.P.G.8. 

It  IB  stated  by  Dr.  Heim  (Qaarterly  Journal,  vol.  zlvi.  p.  237) 
that  the  stems  of  CaiamiUs  have  been  found  at  Guttannen  in  a 
variety  of  gneiss,  Le,  in  one  of  a  group  of  rocks  which  exactly 
**  resemble  tme  crystalline  schists  in  mode  of  occurrence.  Petro- 
graphioally  they  are  related  to  them  by  passage  rocks ;  at  least  the 
line  of  separation  is  not  easily  distinguished.  .  .  .  The  Palsdozoic 
lormations  mostly  show  an  intimate  tectonic  relation  to  the  crystal- 
line Bohists,  and  have  been  converted  petrographically  into  crystal- 
line schists.'' 

The  author  describes  the  result  of  a  visit  to  the  section  at  Gut- 
tannen in  company  with  Mr.  J.  Eooles,  F.G.S.  (to  whom  he  is 
greatly  indebted  for  kind  assistance),  and  of  his  subsequent  study  of 
the  specimens  then  collected.  The  belt  of  sericitic  '*  phyllites  and 
gneisses,"  presnmably  of  Carboniferous  age,  represented  on  the  Swiss 
geologi<»l  map  (Blatt  xiii.)  as  infolded,  at  and  above  Guttannen,  in 
trae  crystalline  gneissoid  rocks,  is  found  on  examination  to  consist 
partly  of  true  gneisses,  partly  of  detrital  rocks.  The  boulder  from 
which  the  stems  in  the  Berne  Museum  were  obtained  belongs  to  the 
latter.  These  rocks  sometimes  present  macroscopically,  and  occa- 
sionally even  microscopically,  considerable  resemblance  to  true 
gneisses,  hot  this  proves  on  careful  examination  to  be  illusory. 
They  are,  like  the  Torridon  Sandstone  of  Scotland,  or  the  Qr^s 
fiidipaikique  of  Normandy,  composed  of  a  detritus  of  granitoid  or 
gneissoid  rock,  which  sometimes  forms  a  mosiac  resembling  the 
original  rock,  and  which  has  been  generally  more  or  less  affected  by 
subsequent  pressure  and  the  usual  secondary  mineral  changes.  Thus, 
if  the  term  be  employed  in  the  ordinary  sense,  they  are  no  more 
gneisses  than  the  rocks  of  Carboniferous  age  at  Vemayaz  (Canton 
Yalais)  are  mica-schists,  but  in  some  cases  the  imitation  is  unusually 
good,  and,  so  far  as  the  author  saw,  there  are  at  Guttannen  neither 
conglomerates  nor  slates  to  betray  the  imposition,  as  happens  at  the 
other  locality. 

2.  "On  the  Litbophyses  in  the  Obsidian  of  the  Eoche  Bosse, 
Lipari."  By  Prof.  Grenville  A.  J.  Cole,  F.G.S.,  and  Gerard 
W.  Butler,  Esq.,  B.A.,  F.G.S. 

The  rock  described  in  this  paper  differs  in  no  essential  particular 
from  that  at  Forgia  Vecchia,  or  from  the.  obsidian  on  the  north  flank 
of  Vnlcano ;  but  the  specimens  show  in  a  specially  striking  manner 
the  passage  through  various  stages  of  lithophysal  structure,  from 
indisputable  steam-vesicles  with  glassy  walls  to  typical  solid  spheru- 
lites.  A  full  description  is  given  of  the  formation  of  spherulites  by 
&  double  process — firstly,  divergent  growth  from  the  margins  ot 
vesicles  outwards,  and,  secondly,  convergent  growth  inwards  from 
the  margins  towards  the  centres  of  the  hollows,  until  in  the  smallest 
cases  the  fibres  from  the  opposite  sides  of  the  vesicle  may  meet  in  the 
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centre,  producing  a  spherulite,  which,  but  for  the  occoTTeDoe  of 
intermediate  stages,  might  be  supposed  to  have  originated  entirely 
by  divergent  growth.  The  authors  give  details  of  the  appeanmcei 
presented  by  intermediate  stages  of  growth. 

The  prevailing  type  of  spherulite,  both  in  Lipari  and  Yuloano, 
shows  in  section  a  dusky  fibrous  central  area,  which  may  possefis 
concentric  as  well  as  radial  structure,  surrounded  by  an  irrq^lar 
brown  cloudy  zone  of  various  width.  The  authors'  studies  lead 
them  to  the  conclusion  that  this  type  owes  its  characters  to  the  dual 
mode  of  growth,  and  therefore  to  the  original  presence  of  vesicleB 
in  the  rock.  Commonly  the  process  of  infilling  does  not  go  so  &r 
as  this;  on  the  ends  of  the  felspar  fibres  plates  of  tridymite  are 
deposited,  and  this  seems  to  close  the  growth.  It  is  dear  that  the 
lithophysal  structure  of  the  Lipari  obsidians  was  formed  during  the 
cooling  of  the  mass,  and  not  by  subsequent  amygdaloidal  infilling  of 
vesicles. 

The  authors  discuss  the  effect  of  confined  vapours  on  such  rocks 
as  those  forming  the  subject  of  the  paper,  noting  that  these  vapours 
may  be  kept  at  a  high  temperature  for  a  considerable  time,  each 
vesicle  thus  becoming  a  sphere  of  hydrothermal  action ;  so  that  if 
the  surrounding  glass  remains  at  a  temperature  little  below  its 
fusion-point,  crystallization  will  be  promoted  in  it,  and  at  the  same 
time  the  action  of  the  vapour  in  the  vesicle  will  produce  reactions  on 
its  walls. 

An  Appendix,  by  Prof.  Cole,  treats  of  the  lithophyses  and  hollow 
spherulites  of  altered  rocks.  While  admitting  the  presence  of  true 
lithophyses  in  many  of  the  Welsh  lavas,  he  is  not  prepared  to 
abandon  a  former  suggestion  that  the  interspaces  between  successive 
coats  of  the  Conway  lithophyses  result  from  alteration  of  a  formerly 
solid  mass.  In  the  lavas  of  Esgair-felen  and  near  the  Wrekin  he  has 
no  doubt  as  to  the  production  of  "  hollow  spherulites  "  by  ordinary 
processes  of  decay.  The  typical  Continental  pyromerides  are  truly 
Bpherulitic,  as  is  much  of  the  Wrekin  lava.  In  the  latter  case  and 
that  of  the  rocks  of  Bouley  Bay  it  will  be  difficult  to  distinguish 
between  infilled  primary  and  secondary  cavities. 


COKrKrESI^OI^TIDEI^TCE!. 


**  THE  RECENT  ELEVATION  OF  THE  HIMALAYAS.'* 
Sir, — The  nummulitic  limestones  occurring  in  the  Hundes  Valley 
show  that  in  Eocene  times  the  ground  where  the  Himalayas  now 
stand  was  covered  by  the  sea.  This  is,  I  believe,  admitted  by  Dr. 
Blanford.  In  the  Manual  of  Indian  Geology  for  which  he  and  Mr. 
Medlicott  are  responsible  he  goes  further,  and  expressly  says  that 
**  at  the  close  of  the  Miocene  epoch  no  such  mountain  barrier  cis  eodsti 
at  present  separated  the  Indian  peninsula  from  Central  Asia  "  (op.  cit 
p.  585).  The  opinion  of  Dr.  Blanford  in  1878  therefore  was  that 
the  Himalayas  are  of  post-Miocene  origin. 

The  superficial  beds  which  contain  the  mammalian  remains  we 
have  been  disputing  about  lie  unoonformably  upon  certain  speckled* 
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■andsloneB  wbibh  Griesbaoh  classes  as  of  "  Miocene  and  possibly  of 
later  age."  Mr.  Lydekker,  after  discussing  tbe  remains,  says  of 
these  mammalian  beds,  "the  beds  in  question  are  probably  of 
PteiBtocene  age,  and  almost  certainly  not  older  than  Upper  Pliocene  " 
(Beoorde,  QeoL  Snrv.  India,  vol.  xiv.  p.  181). 

(General  Bicbard  Strachey,  who  examined  them  witb  great  care, 
lays  of  tbem  in  his  article  **  Himalaya "  in  the  last  edition  of  tbe 
Encyolopaedia  Britannica,  "there  is  no  room  for  doubt  that  these 
deposits  bave  been  raised  from  a  comparatively  low  level  to  their 
existing  great  elevation  of  upwards  of  15,000  feet  since  they  were 
laid  otU."  Mr.  Griesbacb  allows  that  these  beds  are  everywhere 
raised  np  on  end  as  is  also  the  case  along  tbe  southern  margin 
of  tbe  lower  bills  which  are  skirted  by  the  Siwaliks  (Mems.  Geol. 
Survey  of  India,  xxiii.  p.  34). 

Tbese  facts  seem  to  me  to  justify  my  contention  that  tbe  Hima- 
layas bave  been  largely  uplifted  since  Pliocene  times.  Mr.  Blanford 
was  bimself  once  of  the  same  opinion.  When  the  Manual  already 
quoted  was  published,  namely,  in  1878,  his  view  was  that  the 
Himalayan  elevation  took  place  after  tbe  deposition  of  tbe  Siwalik 
beds,  that  is,  that  it  was  post-Pliocene.  I  understand  him  to  say 
that  he  has  since  changed  his  mind  because  Mr.  Lydekker  has  shown 
the  Bbinoceros  remains  found  at  Hundes  to  belong  to  an  extinct 
genus,  and  be  refers  me  to  the  Catalogue  of  Fossil  Mammalia  in  the 
British  Museum,  vol.  iii.  p.  158,  where  he  says  I  shall  find  that  the 
Tibetan  Bbinoceros  was  closely  allied  to  a  species  belonging  to 
Aeeratherium,  a  small  hornless  (extinct)  group  with  well -developed 
incisors  in  both  jaws,  and  Dr.  Blanford  accordingly  says  very 
positively  that  the  Bbinoceros  in  question  cannot  have  been  the 
R  antiquitaiie  as  I  bad  conjectured,  and  implies  that  the  beds  in 
which  the  remains  occur  must  belong  to  an  older  horizon. 

I  confess.  Sir,  that  his  statement  surprised  me  greatly.  In  tbe 
first  place  I  knew  that  the  remains  from  Hundes  comprised  no  teeth 
and  no  skull,  and  I  could  not  understand  on  what  possible  grounds 
Mr.  Lydekker,  whose  patience  and  caution  are  so  conspicuous,  could 
have  come  to  such  a  very  definite  conclusion  about  the  specific 
character  of  the  Bbinoceros  referred  to.  As  a  matter  of  fact  be 
does  nothing  of  tbe  kind.  He  expressly  says  of  tbe  remains  ''  they 
are  not  specifically  determinable**  (loc.  cit). 

In  the  face  of  this  specific  statement,  I  can  neither  understand 
how  Dr.  Blanford  should  bave  attributed  to  Mr.  Lydekker  a  con- 
clusion for  which  there  seems  to  be  no  foundation,  and  secondly, 
how  he  can,  because  of  a  mere  phantasm,  justify  to  bimself  and  us 
completely  changing  bis  own  views  on  a  most  critical  matter.  I 
am  bound  to  say,  apart  from  everything  else,  there  is  a  very 
itrong  a  priori  improbability  that  tbe  Bbinoceros  remains  from 
Hundes  belong  to  an  extinct  genus.  Mr.  Lydekker  distinctly  says 
"  all  the  remains  found  at  Hundes,  with  tbe  doubtful  exception  of 
Hippotheriumf  belong  to  living  genera,"  and  he  treats  tbem  as 
Pleistocene  or  Pliocene.  Tbe  genus  Aceratherium  belongs  to  an 
older  horizon  altogether.     So  far  as  we  know  it  was  a  tropical  or 
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semitropioal  genus,  and  there  is  no  warrant  for  attribiiting  to  It,  m 
Dr.  Blanford  does,  a  capacity  for  living  under  conditions  like  thoae 
of  the  Hundes  plateau,  llie  only  species  of  Bhinoceros  known 
to  me  which  were  the  companions  of  the  Horse,  etc.,  etc.,  else- 
where, were  the  R,  anliquitatis  and  the  B.  Merckii,  to  one  of  which 
I  helieve  the  remains  probably  belonged. 

My  view  in  regard  to  the  impossibility  of  supposing  that  any 
species  of  Khinoceros  could  live  where  the  remains  are  found  in  Tibet 
is  shared  by  better  authorities  than  myself.  Straohey  expressly  saja 
that  "  their  existence  in  the  present  condition  of  the  Tibetan  plateaa 
would  be  quite  impossible,"  while  Dr.  Falconer,  facile  princeps  as  a& 
authority  on  the  Pachydermata  recent  and  fossil,  says,  ''Henry 
Colebrooke,  the  first  who,  along  with  Colonel  Crawford,  measured  the 
heights  of  the  Dwalagiri,  procured  from  the  plateau  of  Chautkan 
in  the  Himalayas,  at  a  height  of  17,000  feet  above  the  sea-level, 
fossil  bones,  which  were  brought  down  and  exported  as  charms  into 
India,  to  which  the  natives  attributed  a  supernatural  origin,  and 
called  them  'lightning  or  thunder  bones.'  At  the  present  time, 
during  eight  months  in  the  year,  the  climate  dififers  in  no  important 
respect  from  that  of  the  Arctic  circle,  and  in  the  whole  of  the 
district  there  is  not  a  single  tree  or  shrub  that  grows  larger  than 
a  little  willow  about  nine  inches  high.  The  grasses  which  grow 
there  are  limited  in  number,  and  the  fodder  in  the  shape  of  Dicoty- 
ledonous plants  is  equally  scarce.  Yet,  notwithstanding  this 
scantiness  of  vegetation,  large  fossils  were  found  of  the  Khinoceros, 
the  Horse,  the  Bu£falo,  the  Antelope,  and  of  several  carnivorous 
animals ;  the  group  of  fossil  faunas  as  a  whole  involving  the  con- 
dition that,  at  no  very  remote  period  of  time,  a  plateau  in  the 
Himalayan  Mountains,  now  at  an  elevation  exceeding  three  miles 
above  the  level  of  the  sea,  where  we  get  the  climate  of  the  Arctic 
regions,  had  then  such  a  climate  as  enabled  the  Rhinoceros  and 

several  subtropical  forms  to  exist The  only  rational  solution 

which  science  can  suggest  is  that  within  a  comparatively  modem 
period,  a  period  closely  trenching  upon  the  time  when  man  made 
his  appearance  upon  the  face  of  the  earth,  the  Himalayas  have  been 
thrown  up  by  an  increment  closely  approaching  8,000  or  10,000" 
(Proc.  Boy.  Geol.  Soc.  vol.  viii.  pp.  41  and  42).  I  commend  this 
passage  to  Dr.  Blanford. 

I  had  written  a  detailed  criticism  of  his  rejoinder,  in  which  I 
traversed  every  point  he  has  made,  but  1  do  not  think  it  right  to 
unduly  load  your  pages  with  an  ephemeral  polemic,  and  I  have 
merely  therefore  selected  one  issue  as  a  sample,  and  I  venture  to 
think  it  shows  that  the  position  1  have  supported  is  unassailable. 

Hembt  H.  Howobth. 


CONE-IN-CONE  STRUCTURE. 

Sib, — In  reference  to  the  statement  of  Mr.  Alfred  Harker,  F.G.S., 

regarding  radiation,  and  inversion  of  the  cone  structure,  in  nodular 

masses,  in  May  Number  of  Gbol.  Mao.,  1  hope  you  will  kindly 

allow  me  to  state,  that  I  have  in  my  printed  paper,  on  *'  Cone-iu- 
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3one  StniotuTe,"  mentioned  in  Maroh  N  umher  of  Gbol.  Maq^,  offered 
ei  short  explanation,  that  seems  satisfactory  to  myself,  and  others, 
that  have  seen  my  specimens, — regarding  the  radiated  and  inverted 
Btmcture  of  the  oones,  sometimes  seen  in  nodular  masses ;  this 
radiation,  as  stated  in  paper,  pp.  26,  27,  heing  due  to  secondary 
causes  that  had  acted  on  the  cone  stratum  after  the  oone  structure 
itself  had  been  developed. 

I  point  out  in  my  paper,  in  the  first  place,  that  the  cones,  in  any 
oontinuons  level  stratum,  were  evidently  formed,  through  the  upward 
escape  of  gases  from  below,  whilst  the  stratum  itself  was  being 
deposited  the  cones,  invariably  having  their  apices  directed  down- 
wards to  the  lower  part  of  the  bed.  In  those  cone  strata  where 
there  has  been  an  after-tendency  in  the  sediments  to  aggregate  into 
nod  alar  masses,  these  nodules,  in  their  contraction  from  larger  into 
smaller  dimensions,  during  their  solidification,  often  show  dear 
evidence  of  the  g^radual  pulling  of  the  cones,  from  their  former  erect 
position,  all  over  the  surface  of  the  nodules ;  they  radiating,  out- 
wards, from  the  centre  to  the  circumference,  there  also  being 
evidence  of  much  crushing  and  distortion  of  the  oone  structure  all 
along  their  outer  edges.  I  further  point  out  that  "  where  the  eon- 
traction  would  be  greatest,  as  in  the  more  argillaceous  nodules, 
there  may  have  been  a  bending,  and  in  some  instances  a  complete 
inversion  of  the  cones  around  the  edges  of  the  nodules." 

Since  my  paper  was  printed,  in  1886,  I  have  obtained  many 
other  illustrative  specimens  from  our  Scottish  coal-field.  These 
clearly  show  that  the  radiation  and  inversion  of  the  cones,  in 
nodular  masses,  was  due  to  after  secondary  causes,  the  cone  structure 
being  first,  the  formation  of  the  nodules  being  second,  and  the 
amount  of  radiation,  and  inversion  of  the  cones,  affords  a  measure 
of  evidence  as  to  the  amount  of  contraction  that  has  taken  place 
amongst  these  nodules  previous  to  complete  solidification. 

HUNTEKIAN  MUSBUM,  UnIVBKSITY,  GlASOOW.  JoHN  ToDNQ 

Mt^y  9m,  1o92. 

DISSIPATION  OF  ENERGY  AS  A  GEOLOGICAL  FACTOR. 

Sir, — Many  readers  of  the  Geoloqioal  Magazine  will,  perhaps, 
be  ^lad  to  have  their  attention  drawn  to  to  the  following  passage, 
wbich concludes  an  article  by  Lord  Kelvin  (P.R.S.),  on  "Dissipation 
of  Energy,"  in  the  "Fortnightly  Review"  for  March,  1892:— 

"  'ilie  whole  store  of  energy  now  in  the  sun,  whether  of  actual 
heat,  corresponding  to  the  sun's  high  temperature,  or  of  potential 
energy  (as  of  a  not  run-down  weight  of  clockwork) — potential 
energy  of  gravitation  depending  on  the  extent  of  future  shrinkage 
which  the  sun  is  destined  to  experience,  is  essentially  finite;  and 
there  is  much  less  of  it  now  than  there  was  three  hundred  thousand 
years  ago.  Similar  •  considerations  of  action  on  a  vastly  smaller 
Bcale  are,  of  course,  applicable  to  terrestrial  plutonic  energy,  and 
thoroughly  dispose  of  the  terrestrial  ^perpetual  motion,*  by  wbich 
Lyell  and  other  followers  of  Hutton,  on  as  sound  principles  as  those 
of  the  humblest  mechanical  perpetual-motionist,  tiied  to  find  tho^t 
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the  earth  oan  go  on  for  ever  as  it  is,  illuminated  hy  the  son  from 
infinity  of  time  past  to  infinity  of  time  futnre,  always  a  habitation 
for  race  after  race  of  plants  and  animals,  built  on  the  ruins  of  the 
habitations  of  preceding  races  of  plants  and  animals.  The  doctrioe 
of  the  'Dissipation  of  £nergy'  foroes  upon  us  the  conclusion  that 
within  a  finite  period  of  time  past  the  earth  must  have  been,  and 
within  a  finite  period  of  time  to  come  must  again  be,  unfit  for  the 
habitation  of  man  as  at  present  constituted,  unless  operations  have 
been,  and  are  to  be,  performed,  which  are  impossible  under  the  lawi 
governing  the  known  operations  going  on  at  present  in  the  material 
world." 

There  can  l>e  no  necessity  for  pointing  out  the  importance  of  this 
dictum  from  the  pen  of  Lord  Kelvin  ;  it  supports  my  own  contention 
in  the  Gboloqigal  Maoazinb  of  July  and  October,  1891  (pp.  300  and 
479-80).  I  will  not  intrude  upon  your  space  by  reiterating  what 
I  have  already  put  into  print,  but  I  trust  you  will,  with  your  usual 
courtesy,  allow  me  to  refer  the  reader  to  such  passages  as  are  to  he 
found  in  my  little  work.^  In  the  light  of  what  I  have  quoted  above 
from  Lord  Kelvin  it  can  scarcely  be  said  that  I  spoke  too  stron^^ly 
in  animadversion  on  the  Huttonian  School  in  the  concluding 
paragraph  of  my  "Note  on  the  Airolo  Schists  Controversy  "  in  1896 
(See  Geol.  Mao.  Dec.  III.  Vol.  VIL  p.  269). 

The  concluding  paragraph  of  Sir  A.  Geikie's  Presidential  Addresi 
to  the  Geological  Society  for  1892  shows  how  opinion  is  veering  at 
the  present  moment;  and  during  the  present  session  two  papers 
of  importance  have  appeared,  one  by  Professor  Bonney  and  Gen. 
MacMahon,  another  by  Messrs.  Dakins  and  Teall,  in  which  attempts 
have  been  made  to  work  out  the  history  of  the  structural  phenomena 
observable  in  igneous  masses  of  particular  areas  on  principles 
applicable  to  an  universal  magma,  at  a  period  of  the  Earth's  history 
when  the  energy  since  dissipated  by  radiation  into  space  was  con- 
centrated in  the  lithosphere.  A  great  deal  of  what  the  writers 
referred  to  have  now  put  forward  was  seen  more  than  forty  years 
ago  by  that  sagacious  geologist,  the  late  Prof.  John  Phillips,  F.R.S., 
as  applicable  to  the  crystalline  rocks  of  the  Malvern  range  (see 
Mem.  Geol.  Survey,  vol.  ii.  part  1),  which  he  saw,  with  an  insight 
not  befogged  by  the  later  mists  of  **  regional  metamorphism,"  to  be 
in  the  main  a  truly  igneous  series.  On  the  Malvern  Crystallines 
I  hope,  after  ten  weeks'  hammering  at  them,  to  have  moi-e  to  say 
anon.  A.  iBViMa. 

Wbllinoton  Collxob,  Bkrks, 

nth  May,  1892.        

EARTHQUAKE    SOUNDS. 

Sir, — There  are  one  or  two  points  in  Mr.  C.  Davison's  paper  on 
earth -quake-sounds  I  should  like  to  draw  attention  to. 

In  most  Italian  tectonic  earthquakes,  the  sound  phenomena  pre- 
cede the  mechanical  disturbances,  though  the  former  overlap  the 
latter  the  nearer  the  epicentrum  is  approached.     This  means  that 

1  "  Metamorphism  of  Kocks"  (London,  1889),  see  pp.  18,  19,  22,  23,  70,  71|  94, 
95,  and  96. 
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leir  pfTodaotion  is  almost  Bimultaneous,  but  the  smaller  sound 
ilMmtioiiB  travel  at  a  greater  rate  than  the  larger  mechanioal  ones. 

The  faot  that  the  more  destmotive  the  earthqnake,  the  less  marked 
roportionallj  is  the  intensity  of  the  sounds  is  easily  explicable. 
lie  sound  Tibrations  are  more  quickly  used  up  in  traversing  a  given 
licknesa  of  rook,  whilst  the  mechanical  vibrations  have  hardly  been 
ifiaenoed  in  the  short  distance  travelled  in  the  shallow  focussed 
looks  that  oonstitute  the  majority  of  the  destructive  earthquakes. 
'or  the  same  reason  of  the  more  rapid  destruction  of  the  sound 
ibrations  by  the  rooks  traversed  the  seismic  area  of  sounds  is 
inch  more  limited  than  that  of  the  quakes.  It  must  also  be 
amembered  that  during  destructive  earthquakes  much  of  the  noise 
I  doe  to  oraoking  and  falling  buildings,  shaking  trees,  etc. 

As  to  the  oanse  of  earthquake-sounds  I  believe  they  are  very 
ariouB  in  different  earthquakes,  and  even  in  any  one  earthquake. 
Ir.  Davison  speaks  only  of  fault  friction,  but  rather  neglects  the 
otnal  initial  fracture,  which  we  should  expect  would  produce  a  very 
>od  noise.  Next  comes  rock-crushing,  such  a  common  phenomenon 
a  any  mountain  region,  especially  along  the  central  ridges  and 
roughs  of  anticlines  and  synclines.  Then  again  we  have  to  oon- 
ider  the  fracturing  or  splitting  of  rook  by  the  formation  of  igneous 
lykes,  whioh  may  occur  in  a  region  free  from  surface  volcanic 
phenomena.  Is  it  possible  that  the  hundreds  of  dykes  that  rent  the 
•Id  rocks  of  the  northern  counties  of  England  and  Scotland,  and 
Qost  of  which  never  reached  the  surface,  were  not  accompanied  in 
heir  formation  by  earthquakes  and  earth-aounds. 

The  origin  of  these  sounds  is  no  doubt  the  smaller  vibrations 
produced  by  the  mechanical  disturbances  in  fracturing  and  slipping 
•r  grating  in  the  tectonic  earthquakes.  In  the  case  of  volcanic  or 
>lutonio  shocks  the  sound  is  in  the  first  place  due  to  splitting  and 
recturing  of  the  solid  rocks.  It  is  then  followed  by  the  friction 
f  the  injected  fluid  magma,  and  the  sudden  sharp  arrest  of  this 
gainst  the  walls  of  the  cleft.  The  phenomenon  is  very  similar  to 
he  sounds  produced  by  suddenly  pumping  water  into  a  collapsed 
gather  hose-pipe,  closed  at  the  opposite  outlet.  We  have  in  such 
,  case  first  a  gentle  rush  followed  by  a  sharp  snack  as  the  water 
s  arrested  by  the  fully  distended  walls.  Very  similar  sound- 
phenomena  may  be  heard  on  closing  sharply  a  tap  through  which 
irater,  under  considerable  pressure,  is  flowing.  There  is  yet  another 
ource  of  sound  in  such  earthquakes,  and  that  is  the  vesiculation  of 
>ny  aquiferous  magma  when  allowed  to  expand  through  a  newly 
brmed  fissure  just  filled  by  it.^  All  these  sounds  are  practically 
imultaneously  produced,  and  their  combined  eflect  with  the  pre- 
[ominance  of  one  or  another  would  explain  the  variable  nature  of 
he  audible  phenomena  of  an  earthquake. 

The  mechanism  of  production  of  earthquake  sounds  I  fully  dis- 
QBsed  years  ago,'  whilst  experimental  researches  on  this  question 

*  This  may  possibly  explain  the  boiling  cauldron  sound  so  often  mentioned  in 
arthquake  descriptions. 

^  See  my  monograph  of  the  Earthquakes  of  Ischia,  pp.  82,  89,  and  Proceed. 
^j.  Soc.  Dublin,  1886,  pp.  120,  124. 
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have  been  published  not  long  sfnoe  by  Italian  investigators,  irho 
have  shown  the  conclusions  arrived  at  by  myself  and  others  were 
correct,  that  sound-waves  travel  faster  than  Uie  coarser  mechaoical 
vibrations  when  traversing  most  rocks. 
7,  Chiatamonb,  Naples.  H.  J.  Johnston-Lavis. 


THE  TEMPLE  OP  JUPITER  8ERAPIS  IN  PUTEOLI  (POZZdOU). 

Sib, — It  is  well  known  that  the  ruins  of  this  Temple  have  been 
looked  upon  as  the  most  striking  example  of  subsidence  in  historic 
times.  Although  it  has  taken  place  within  the  Christian  era,  the 
date  has  been  but  vaguely  known.  Babbage,  in  his  article.  Geological 
Transactions,  vol.  iii.  (1847),  mentions  an  inscription  of  Alexander 
Severus  on  the  Temple  asserting  it  to  have  been  adorned  by  bii 
munificence.  As  Alexander  Severus  reigned  from  a..d.  222  to  235, 
at  that  time  the  Temple  must  still  have  have  been  above  sea-level 
In  Ly ell's  Principles,  vol.  iL  p.  173,  there  is  a  quotation  from 
Loffrado  which  proves  that  in  1530  a  great  part  of  the  site  of 
modem  Pozzuoli  of  ancient  Puteoli,  was  under  water.  The  city  wai 
captured  by  Alaric  a.d.  410 ;  then  by  G^nserie  456 ;  then  by 
Yotila  545  (E.  H.  Bunbury  in  Smith's  Diet.  G^og.  art.  Puteoli); 
but  we  have  no  information  as  to  whether  the  Serapeum  was  then 
above  or  under  water.  The  Temple  of  Serapis  then  was  above 
ivater  in  230  and  below  water  1530,  and  during  the  intervening 
1 300  years  there  seems  no  reliable  information. 

However,  in  the  Ada  Beta  et  Fatdi,  Greek  forms,  dating  according 
to  Lipsius  from  the  filth  century,  we  have  the  following  passage— 
I  quote  from  Walker's  Translation  Ante-Nicene  Library,  voL  xvi. 
p.  258 : — "  And  Paul  being  in  Ponteole  (Puteoli)  and  having  heard 
that  Dioscorus  had  been  beheaded,  being  grieved  with  great  grief 
gazing  into  the  night  of  Heaven  said  '  Oh  Lord  Almighty  .... 
punish  this  city  and  bring  out  of  it  all  who  have  believed  in  GM 
and  followed  His  word.*  He  said  to  them  therefore  *  follow  me.' 
And  going  forth  from  Pontiole  they  came  to  a  place  called  Baias 
(Baiae)  and  looking  up  with  their  eyes  they  all  see  that  city  Pontiole 
sink  into  sea-shore  (€<v  t^i/  oxOav  t^v  0a\aa<r^st)  about  one  fathom 
{waei  opr^viav  fuav)  and  there  it  is  until  this  day  for  a  remembranoe 
under  the  sea."  It  is  evident  that  when  the  Greek  of  the  Acta  Peiri 
et  Fault  was  written  Pozzuoli  was  under  water,  as  it  was  in  the 
days  of  Lo£fredo  (though  perhaps  not  so  deeply  submerged),  and  had 
been  so  for  so  long  that  the  memory  of  the  subsidence  and  the 
circumstances  attending  it  had  been  utterly  lost  If  we  allow  a 
century  to  have  been  sufficient  to  have  caused  this  utter  oblivion, 
we  have  then  reduced  the  1300  years  to  about  150.  In  other  wordi 
somewhere  between  the  middle  of  the  third  century  and  the  middle 
of  the  fourth  this  event  must  have  occurred.  The  phrase  **  into  the 
sea-shore"  {eh  rrju  oxOav  Tiys  OaXdtTffrjv)  supports  Babbago's  theory 
that  the  Temple  first  sank  in  a  lake  of  brackish  water.  This  is 
confirmed  by  the  assertion  that  the  city  sank  a  fathom  (wtrel  opffvUv 
fiiav).  J.  E.  H.  Thomsok.  , 

10,  Allbm  Park,  Stielxng. 
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WILLIAM    REED,    M.R.C.S.  (ENGL.),    F.Q.S.,  Etc. 

Born  1810.      Died  1892. 

By  tbe  death  of  Mr.  William  Eeed,  of  Blake  Street,  York,  the 
I'orkahire  Pbiloeophioal  Society  has  lost  one  of  its  oldest  members, 
ad  certainly — as  regards  its  Museum — one  of  its  most  liberal 
enefi&ctoiB. 

Mr.  Beed  oommenced  life  as  pupil  of  Mr.  Ness,  surgeon,  Helmsley, 
nd  it  was  probably  during  bis  residence  in  that  district  that  he 
oqnired  that  strong  affection  for  the  study  of  geology  which 
haiacterized  his  later  years,  and  gaye  him  a  place  amongst  the  iirst 
leologista  of  the  past  half  century.  Upon  leaving  Helmsley  he 
ntered  St  Gorge's  Hospital,  London,  and  subsequently  continued 
lis  studies  at  Paris.  In  the  year  1837  he  qualified  as  licentiate  of 
be  Society  of  Apothecaries,  and  the  following  year  he  took  his 
agree  as  member  of  the  Royal  College  of  Surgeons  (Engl.).  He 
ras  afterwards  appointed  resident  medical  officer  of  the  York  County 
lospital,  and  surgeon  of  the  York  Eye  Institution,  founded  by  Mr. 
lenry  Bussell.  After  occupying  these  positions  for  some  years,  to 
be  great  benefit  of  the  patients  under  his  care,  be  removed  from 
fork  to  Fasten,  and  there  carried  on  a  private  practice  with  marked 
nccess  for  several  years.  Afterwards  he  again  took  up  his  residence 
a  York,  and  remained  there  during  the  rest  of  his  life.  In  York 
le  entered  into  partnership  with  Mr.  Benjamin  Dodsworth,  who  at 
hat  time  enjoyed  a  very  extensive  practice,  and  the  partnership 
iontinued  several  years.  After  leaving  his  partner  Mr.  Heed  carried 
m  practice  for  some  years  alone.  This  practice,  owing  to  his  great 
liligence  and  professional  skill,  became  very  extensive,  so  much 
iO,  indeed,  that  he  found  it  necessary  to  take  a  partner,  and  he 
xras  joined  by  Mr.  Bose,  with  whom  he  worked  until  nine  or  ten 
rears  ago,  when  Mr.  Beed  retired  from  the  profession.  Since  that 
ime  he  has  devoted  his  leisure  to  the  study  of  geology,  to  which 
I  great  portion  of  his  earlier  leisure  time  had  also  been  given, 
dany  years  ago  he  became  connected  with  the  Yurkshire  Philo- 
iophical  Society,  and  it  is  to  him  more  than  to  any  other  person 
hat  the  Museum  at  York  owes  its  present  high  standing.  His 
vhole  soul  was  devoted  to  the  science  of  geology,  and  the  excellent 
collections  of  specimens  now  to  be  seen  in  the  Museum  will  cause 
lis  name  to  be  handed  down  to  many  future  generations,  and 
vill  testify  to  his  great  liberality.  For  many  years  he  has  con- 
in  ually  been  adding  geological  specimens  to  the  Museum,  but  his 
iberality  is  most  apparent  in  the  two  collections  of  specimens 
rhich  he  presented,  which  have  raised  the  Museum  to  the  first 
)osition  iu  the  country.  The  first  of  these  collections  was  presented 
a  1878.  It  contained  about  100,000  geological  specimens  collected 
>y  Mr.  Beed  himself.  The  following  is  an  extract  from  the  York- 
hire  Philosophical  Society's  annual  report: — '*In  the  Geological 
)epartmenty  the  Council  have  formally  to  announce  the  presentation 
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to  the  Society  of  the  Taloable  geological  oolleotion  of  their  respected 
Yioe-President,  William  Reed,  Esq.,  F.G.S.  The  collection  preaentad 
by  Mr.  Reed  has  been  formed  at  a  great  cost  over  a  period  of  many 
years,  and  has  been  well  known  to  geologists  as  one  of  the  moit 
Taloable  private  collections  in  the  United  Kingdom.  The  Gomicil 
oongratulate  the  Society  on  its  possession,  as  tending  to  raise  the 
Mnsenm  to  the  first  rank  among  simitar  sdentifio  Institutiaiis  i& 
this  country/* 

The  collection  presented  by  Mr.  Reed  consists  of: — 1.  A  oompkie 
set  of  shells  of  the  land,  freshwater,  and  marine  mollnsca  of  Great 
Britain,  comprising  several  forms  first  ascertained  to  be  still  living 
members  of  the  British  Fauna  daring  the  dredging  expedition  of  tlie 
**  Lightning  "  and  "  Porcnpine.**    2.  An  extensive  oolleotion  of  mam- 
malian remains   from   English   Post- Tertiary  deposits,  remarkable 
among  which,  for  their  fine  state  of  preservation,  are  the  teeth  and 
bones   of  Rhinoceros,    Horse,    Hippopotamus,    Urns,    Megaoeroi, 
Elephant,  Bear,  Lion,  Hyssna,  Beaver,  etc.    3.  A  large  series  of  shells 
of  the  same  period,  from  fluviatite  and  marine  deposits,  in  various 
parts  of  England,  Scotland,  and  Ireland.    4.  A  magnificent  oolleotioa 
of  fossils  from  the  Norwich  and  Coralline  Crags.    The  suite  of  veite- 
brate  remains,  especially,  is  of  great  value.     This  is  probably  the 
finest  private  collection  of  Crag  fossils  in  England,  and  it  is  doubtfol 
whether  it  can  be  equalled  in  any  of  our  great  publio  museums. 
5.  A  fine  series  of  plant  remains  from  the  beds  of  Bovey  Traoey» 
Mull,  and  Antrim.     A  collection  of  Miocene  shells  from  the  neigh* 
bourbood  of  Bordeaux  and  Cannes.     6.  A  large  collection  of  Eocene 
fossils  in  a  beautiful  state  of  preservation,  in  which  the  several 
subdivisions  of  the  deposits  of  that  period   in  England  are  fully 
represented.     7.  An  extensive  assemblage  of  fossils  from  the  Chalk, 
Greensand,  Gault,  Neocomian,  and  Wealden.     8.  A  very  large  and 
valuable  series  of  Jurassic  fossils.     9.  A  series  of  British  PalsBOzoio 
fossils,  especially  rich  in  Carboniferous  limestone  fossils  from  the 
neighbourhood  of  Settle  (upwards  of  200  species).    A  most  important 
feature  from  a  scientific  point  of  view  in  Mr.  Reed's  collection  is  the 
great  care  which  has  been  taken  to  indicate,  by  labels,  the  exact 
locality  from  which  the  several  specimens  have  been  obtained,  so 
that  thorough  reliance  may  be  placed  on  them. 

In  December,  1880,  Mr.  Reed  made  a  second  presentation  to  the 
Society,  lliis  consisted  of  a  collection  of  specimens  formed  by  the 
late  Mr.  Edward  Wood,  F.G.S.,  of  Richmond,  Yorkshire,  and  since 
known  as  the  "Wood  Collection."  ITiis,  although  by  no  means 
equal  to  the  one  previously  presented,  is  yet  a  collection  of  great 
value  to  geologists,  being  particularly  rich  in  Yorkshire  fossila 
Four  great  collections  had  up  to  that  date  been  formed  in  Yorkshire 
during  the  last  half  century — namely,  those  of  Mr.  Bean  and  Mr. 
Leckenby,  of  Scarborough  ;  Mr.  Wood,  of  Richmond  ;  and  Mr.  Reed, 
of  York.  Of  these,  a  considerable  portion  of  Mr.  Bean's  fossils  were 
purchased  by  the  Yorkshire  Philosophical  Society  in  1860  for  £200, 
and  two  of  the  other  collections — Mr.  Wood's  and  Mr.  Reed's— have 
-by  the  publio-spiritedness  and  liberality  of  the  last-named  gentlemen 


Obiiuary—Mr.  Win.  Reed,  F.0.8.  286 

found  their  plaoe  in  York  Moseam.  The  Leokenbj  oolleotion  is  now- 
in  the  Cambridge  Mnseam.  Mr.  Edward  Wood  had  his  home 
among  the  hills  of  North-west  Yorkshire,  and  from  the  Mountain 
Limeetone  and  oontignoos  strata  of  that  district  he  formed  the 
oolleotton  which,  added  to  that  formerly  presented  to  the  Mnsenm 
by  Mr.  Beed,  raised  that  Museum  to  a  high  position  among  the 
geologioal  museums  of  this  country.  The  Society  is  greatly  in- 
debted to  Mr.  W.  Beed  for  his  presentation  of  these  valuable  collec- 
tions,  and  also  for  the  able  service  which  for  two  yearn  he  rendered 
as  honorary  curator  in  the  arrangement  of  the  collections. 

Mr.  W.  Keeping,  M.A.,  a  former  keeper  of  the  Museum,  read  a 
paper  at  the  monthly  meeting  of  the  Yorkshire  Philosophical  Society 
held  in  January,  1881,  upon  the  "  Wood  Collection."  In  it  he  says : 
— ^The  oolleotion  of  fossils  formed  by  the  late  Mr.  Edward  Wood, 
F.G.S.,  of  Bichmond,  Yorkshire,  is  the  result  of  the  constant  atten- 
tion and  labour  of  more  than  30  years  of  his  lifetime.  Living  in 
a  district  rich  in  some  of  the  most  beautiful  and  attractive  of  fossil 
organic  remains,  and  impelled  by  a  strong  natural  love  for  palaeon- 
tology, Mr.  Wood  became  an  ardent  collector  of  all  specimens  of 
geological  interest,  and  such  was  his  success  that  he  ultimately 
became  distinguished  as  the  possessor  of  one  of  the  finest  private 
geological  collections  in  Britain.  Naturally  this  collection  is  par- 
ticularly rich  in  objects  from  the  Yorkshire  dales,  especially  his  own 
dale,  Swaledale :  but  it  also  includes  colleotions  from  many  other 
British  localities  which  were  obtained  by  the  help  of  bis  many 
scientific  friends  and  acquaintances,  in  his  own  travels,  or  by  his  own 
purchases.  Thus  the  collection  came  to  spread  over  a  wide  area  both 
in  space  and  time,  forming  a  fair  representation  of  the  whole  of  the 
geological  periods,  but  specially  rich  and  valuable  in  certain  forma- 
tions. To  the  York  Museum  this  collection  is  particularly  valuable, 
for  it  is  precisely  where  we  were  poor  that  we  here  find  the  greatest 
riches.  It  was  in  the  Permian,  Goal-measures,  the  Carboniferous 
Limestone,  and  the  Old  Red  Sandstone  that  our  collection,  including 
Mr.  Beed's  original  museum,  was  weakest;  while  in  the  Edward 
Wood  collection  these  groups  are  most  perfectly  represented.  Mr. 
W.  Beed,  F.G.S.,  our  honorary  Curator  of  geology,  was  already 
acquainted  with  Mr.  Wood's  collection,  and  knew  how  important  an 
addition  it  would  be  to  the  Society's  Museum,  and  he  therefore,  as 
soon  as  the  way  to  its  acquisition  was  open  to  him,  at  once  decided 
to  purchase  the  collection  and  present  it  to  the  Society.  As  a  private 
collection  of  Carboniferous  Limestone  fossils  Mr.  Wood's  museum 
has  never  been  equalled  in  England,  and  the  other  groups  of  the 
Upper  Palaeozoic  rocks  are  also  particularly  fine.  It  is  without 
donbt  in  the  Carboniferous  Echinoderms,  especially  the  Crinoids, 
that  the  collection  is  most  remarkable,  and  it  is  best  known  to 
geologists  as  containing  a  magnificent  series  of  those  Crinoids  or 
**Sea  Lilies  "  named  in  honour  of  their  discoverer,  Woodocrinus.  Some 
hundreds  of  specimens  of  this  beautiful  fossil  were  obtained  by  Mr. 
Wood,  the  duplicates  being  liberally  distributed  throughout  the 
various  Museums  of  Europe,  while  some  80  slabs,  including  all  the 
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more  choice  examples,  remain  in  the  collection.  Many  of  the  bUIm 
inclade  several  heads,  some  of  them  exhibiting  as  many  as  nine 
distinct  individnals,  so  that  we  have  altogether  a  perfect  forest  of 
these  beautiful  sea  lilies.  The  spot  where  these  were  found  is  in  s 
quarry  at  Lymmas  House,  Holgate,  near  Marske,  a  place  in  Swale- 
dale,  some  13  miles  from  Richmond,  and  rather  difficnlt  of  aooeM. 
They  have  not  to  my  knowledge  been  found  in  any  other  looalitj. 
Altogether  the  collection  numbers  over  10,000  specimens ;  there 
being,  according  to  a  catalogae  made  by  Dr.  Henry  Woodward, 
9365  selected  specimens  in  the  cabinets. 

Mr.  Reed  was  of  a  retiring  disposition,  and  took  little  interest  in 
public  affairs.  He  was,  however,  of  a  genial  disposition,  and  in 
private  life  was  a  pleasant  companion. 

He  never  married  and  lived  an  extremely  ahetemions  life,  per- 
forming many  acts  of  private  charity  and  benevolence  which  the 
world  saw  not  He  suffered  a  long  time  from  bronchitis,  and  abont 
ten  days  before  his  death  he  received  a  chill  which  brought  on  hii 
old  complaint,  to  which  he  succumbed  on  Monday  the  9th  of  May  at 
the  advanced  age  of  eighty-two  years. 

Mr.  Reed's  death  will  be  sincerely  mourned  by  many  friendi, 
his  loss  to  the  city  of  York  will  be  great,  but  to  the  Yorkshire 
Philosophical  Society  still  greater. —  YorhMre  BercUd,  May  10, 1892. 


:M:iscBrjXiJL2sns30TJS, 


Major  John  Plant,  F.G.S. 

The  fact  that  Major  Plant  is  about  to  sever  his  long  connexion 
of  forty-two  years  with  the  Peel  Park  Museum,  Salford,  affords  ub 
a  welcome  opportunity  of  giving  a  brief  sketch  of  the  life  and  work 
of  one  to  whom  naturalists  and  the  general  public  of  Salford  owe 
so  much,  and  whose  long  services  the  Museum  Committee  recently 
recognized  by  a  gratifying  tribute. 

Major  Plant  is  the  son  of  the  late  Mr.  Robert  Fisher  Plant,  a 
stationer  of  Leicester,  in  which  town  be  was  bom  in  October,  1819* 
At  an  early  age  he  entered  the  National  School  of  his  native  town, 
and  there  acquired  the  rudiments  of  a  sound  education,  side  by  side 
with  the  Right  Hon.  A.  J.  Mundella.  On  leaving  that  school,  he 
continued  his  studies  at  the  Mechanics'  Institution,  displaying  con* 
siderable  taste  for  drawing  and  Natural  Science.  It  was  intended 
that  he  should  adopt  the  medical  profession,  and  with  that  view  he 
was  articled  to  a  surgeon  of  Leicester,  Mr.  T.  Paget,  but  it  was 
afterwards  found  necessary  for  him  to  abandon  this  pursuit,  to  assist 
in  his  father's  growing  business.  In  1844,  he  was  elected  Honorary 
Secretary  of  the  Leicester  Naturalists'  Club,  and  shortly  afterwards 
was  appointed  Curator  of  a  small  museum  which  had  been  founded 
in  the  town  through  the  instrumentality  of  the  Literary  and  Philo* 
sophical  Society.  By  this  time  Mr.  Plant  bad  obtained  that  keen 
predilection  for  geology  which  has  characterized  him  all  his  life; 
and  it  was  also  in  1844  that  he  read  before  the  British  Associatiooi 
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fti  Birmingham,  a  paper  on  **  The  Diecovery  of  FosBiliferoiis  Eeuper 
BandstoneB  at  Leicester/'  which  were  thenceforth  included  as  a 
distinct  stratum  in  the  maps  of  the  G^logical  Survey. 

Doubtless,  this  scientific  taste  was  fostered  by  the  favourable 

opportunities  offered  for  geological  work  in  the  neighbouring  classic 

area  of  Ghamwood  Forest,  which  presents  enigmas  yet  awaiting 

satisfactory  solution.     In  addition  to  his  scientific  pursuits,  he  found 

time  to  cultivate  a  knowledge  of  the  fine  arts,  attaining  to  some 

skill  in  drawing  under  his  friend,  the  late  Mr.  B.  R.  Haydon.     In 

184.6,  he  was  appointed  Secretary  and  Librarian  of  the  Permanent 

Library,  Leicester,  where  he  re-arranged  and  catalogued   10,000 

volumes ;   and  in  October,    1849,   he  became  Curator  and  Chief 

Librarian   of   the   Peel   Park    Museum,   in   which  connexion  his 

labours  have  beoome  so  widely  known.    The  story  of  the  Peel  Park 

Museum,  which,  since  the  opening  in  184.9,  has  gradually  grown  to 

be  one  of  the  largest  establishments  of  its  kind  in  the  country,  is 

also  the  story  of  Mr.  Plant    Under  his  direction,  and  with  the  aid 

of  generous  munificence,  it  has  developed  into  one  of  the  principal 

attractions  of  the  busy  centre  to  which  it  belongs.     The  library  now 

contains  some  60,000  volumes,  in  place  of  the  5000  with  which  it 

started,  and  is  provided  with  a  handsome  reading  room.     The  rooms 

in  which  the  scientific  exhibits  are  displayed  are  numerous  and  well 

adapted  to  their  purposes ;   while  the  art  galleries  include  the  great 

Langworthy  Oallery,  occupied  with  marble   statues  and   fine   oil 

paintings  of  the  modem  English  and  French  schools.     Mr.  Plant's 

varied  training  had  specially  fitted  him  for  the  management  of  an 

institution  of  such  complex  character;  and   now,  in   its  enlarged 

proportions,  altogether  beyond  the  satisfactory  control  of  any  one 

man,  there  is  abundant  evidence  of  his  extensive  knowledge  and 

skill — signs  which  only  the  educated  eye  can  appreciate  at  their  full 

meaning. 

It  is,  however,  principally  to  Geology  and  Palaeontology  that  Mr. 
Plant  has  given  his  attention.  In  1851  he  became  a  member  of  the 
Manchester  Geological  Society,  of  which  he  is  now  the  oldest  living 
member ;  and  in  1864  he  was  elected  a  Fellow  of  the  Geological 
Society  of  London.  About  1870,  he  began  to  make  a  special  study 
of  the  Coal-measure  Fishes  in  the  neighbourhood  of  Manchester, 
and  his  extensive  collection  has  formed  the  basis  of  important 
researches  by  Dr.  E.  H.  Traquair,  of  Edinburgh.  Several  of  the 
species  have  been  named  after  Mr.  Plant.  In  the  Geology  of  North 
Wales  he  has  for  many  years  taken  a  deep  interest,  especially  in  the 
Cambrian  fossils  found  in  the  locality  of  Dolgelly,  The  whole  of 
his  collection  from  this  district  has  been  formed  under  circumstances 
which  make  the  specimens  almost  unique,  and  a  selection  of  the 
typical  forms  has  been  deposited  in  the  British  Museum.  The  type 
ipecimen  of  Olenus  Planti,  named  by  Mr.  Salter  and  also  described 
by  Professor  M*Coy  in  Sedgwick's  Catalogue  of  the  Woodwardian 
Museum,  Cambridge,  is  included  in  the  series.  We  understand  that 
Mr.  Plant  is  still  engaged  on  researches  in  the  Geology  of  the  South 
West  Coast  of  Anglesea,  the  progress  of  which  will  be  greatly 
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fuiilitated  by  hia  realdenoe  in  that  ieluid,  where  lie  now  int«ndi 
to  take  up  his  permanent  abode,  and  whither  he  faaa  for  the  lut 
twenty-five  jeara  resorted  for  hia  annual  holiday. 


Althongb  now  in  his  73rd  year,  Mr,  Plant  beanj  but  little  appear' 
ance  of  his  advanced  age,  and  in  spite  of  this  and  a  seriouB  faU 
which  he  ezperienoed  some  fourteen  months  ago,  he  still  retains  the 
ruddy  Goniplezion,  robuatneaa  of  body,  and  cheerful  honhonia  whi<^ 
have  always  characterized  him.  The  limilB  of  space  prevent  tmX 
Baying  more,  beyond  recording  that  Mr.  Plant  has  been  a  inemher 
of  the  3rd  L.lt.'F.,  or  Salford  Corps  of  Volunteers,  ainoe  1859,  and 
in  this  he  now  holds  the  rank  of  major.  He  is  not  the  only  member 
of  his  family  who  has  devoted  himself  to  soientifio  pnraaits,  his 
eldest  brother,  Mr.  James  Plant,  being  the  well-known  geologist  of 
Leioester,  while  another  brother,  Francis,  passed  some  five  years  in 
the  active  investigation  of  the  natural  history  of  Madagascar,  where 
he  died  a  victim  to  smallpox.  Another  brother,  Nathaniel,  also 
distinguished  himself  still  more  by  his  geological  reseavches,  of 
sixteen  years'  dnration,  in  Brazil,  including  the  exploration  of  th9 
Candiota  Coal-fields,  made  on  behalf  of  the  Brazilian  Government' 

BiBTH  o»  A  Nbw  Soientifio   Socibty. — The  New  Institnta  of 

Milling  and  Melallurg;,  vhich  alrfadr  numberB  moie  than  100  Hemben  Uil 
AMnciates,  recentlf  held  ita  Inaugural  Meeting  in  tbe  Tbeatrs  af  ths  Mnseam  of 
Practicsl  Geology,  Jemifn  Street,  under  the  I^esidency  of  Geor^  Seymour,  Esq., 
A.H.8.M.,  M.lnrt.C.E.,  F.G.S.,  ably  supported  by  the  leading  membaia  of  Uia 
Hining  and  Metallurgical  prafewion.  The  I'leeident  delivered  a  moit  able  eddiea, 
and  leter  in  the  evenine  Che  membun  and  their  frienda  supped  at  the  "  Criterion," 
where  epeecLei  were  delivered.  Mr.  F.  W.  Hudler,  F.G.8,,  making  a  moat  brilliant 
•ddiin.     We  wish  the  new  Society  every  possible  euccesa  and  prosperity. 

'  See  Gbol.  MaQ-  Vol.  VT.  1869,  p 
tbe  Planla  bj  William  Cairuthen,  F.S 


ihf.  Hi.    roi.  /.v..  ri.ii,  viii. 


To  llluitrate  Mr.  Hunt's  Paper  on  the  Rocks  of  South  Devon. 
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1. — On   Certain  Afrnities  Between  the  Devonian  Rooks  of 
South  Devon  and  the  Metamobphio  Sohists. 

(Part  II.) 

By  A.  B.  Hunt,  M.A. 

{Contiutied  from  page  247.) 

(PLATE  VIII.) 

The  Metamobphio  Obben  Bocks  and  Devonian  Yoloanios. 

In  compariDg  the  quartz-sohists  with  the  Devonian  sandstones,  or 
grit-bandsy  several  original  minerals  can  be  traced  from  the  one  to 
the  other,  e.g.  tourmaline,  mioa,  and  at  least  two  quartzes.  In  the 
case  of  the  Oreen  Bocks  and  Devonian  Yolcanics  we  are  met  at  the 
outset  with  the  difficulty,  that  not  a  grain  or  crystal  of  an  original 
ininei*al  has  been  recorded  with  confidence  as  occurring  in  the 
metamorphic  Oreen  Bocks ;  though  there  seems  to  be  little  doubt 
that  the  latter  are  often  metamorphosed  diabases. 

The  metamorphic  Oreen  Bocks  seem  to  be  exclusively  composed 
of  secondary  minerals,  of  which  felspar,  hornblende  both  fibrous 
and  compact,  chlorite,  and  epidote,  are  the  most  important. 

The  Devonian  Yolcanics,  when  hard  enough  for  slicing,  are  for  the 
most  part  diabases,  in  which  secondary  felspar,  the  two  hornblendes, 
epidote,  and  chlorite,  are  here  and  there  developed,  to  a  greater  or 
less  extent,  by  chemical  or  dynamic  action,  or  by  both  combined. 
Microscopic  research  is  thus  necessarily  limited  to  the  above 
secondary  minerals. 

The  relation  of  the  Devonian  Yolcanics  to  the  sedimentary  rocks, 
the  relation  of  the  metamorphic  green  rocks  to  the  mica-schists, 
and  the  relation  of  the  Devonian  rocks  to  the  metamorphic  rocks, 
from  the  stratigraphical  point  of  view,  form  no  part  of  the  present 
inquiry.  Suffice  it  to  say  that  from  the  latitude  of  Dartmouth  to 
Torcross,  diabases  of  Devonian  apje  occur  here  and  there  striking 
roughly  east  and  west;  and  that  on  crossing  the  metamorphic 
border-land  we  find  the  place  of  these  diabases  taken  by  green  rocks 
of  disputed  age.* 

Within  the  limits  of  Dartmouth  Harbour  and  Bange  we  may 
notice  three  types  of  diabase.     A  porphyritic  diabase  occurs   at 

*  Maps  indicating  the  lines  of  strike  of  certain  of  the  Diabases  and  Green  Rocks 
were  exhibited  by  Mr.  W.  A.  E.  Ussher  in  Section  C  at  the  Cardiff  Meeting  of  the 
British  Association,  1891. 

BSCADB   I1I.-^V0L,  IX,— JTO.    til.  \^ 
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Sandquay.  The  western  Blaokstoue  is  composed  of  a  fine-grained 
diabase;  while  a  coarsely  crystallized  diabase  forms  the  southern 
and  larger  portion  of  the  islet  known  as  the  Mewstone.  The  Mew- 
stone  rock,  or  one  much  like  it,  appears  on  the  coast  between 
Dartmouth  and  Blackpool  Sands,  and  again  further  west  inlani 
The  Black  stone  (western)  rock  re-appears  in  Blackpool  Valley  in 
a  schistose  form,  where  it  resembles  a  schistose  rock  occurring 
between  Modbury  and  Aveton  Oiffard  ;  while  a  porphyritic  diabase, 
recalling  Sandquay,  occurs  in  the  Torcross  line,  near  East  Charleton. 
This  variety  among  the  diabases  is  well  matched  among  the  meta- 
morphic  green  rocks,  where  at  one  place  we  may  meet  with  a  fine- 
grained hornblende  schist ;  at  another,  a  rock  in  which  layers  of 
felspar  are  the  most  conspicuous  feature;  or,  in  which  granular 
felspar  is  embedded  in  a  matrix  chiefly  composed  of  chlorite ;  or, 
in  which  the  felspar  grains  rest  in  a  matrix  in  which  fibrous  horn- 
blende is  prominent. 

In  a  quarry  of  greenstone,  west  of  Winslade,  a  quarried  block  was 
seen  to  he  composed  of  two  distinct  rocks  closely  united  ;  one  a  pale 
greyish-green  diabase,  the  other  a  much  darker  and  more  schistose 
rock  which  recalled  some  of  the  green  metamorphio  rooks  further 
south,  e,g,  at  Bickerton.  They  will  be  described  as  Winslade  A 
(No.  38)  and  Winslade  B  (No.  39).  In  A  the  original  augite 
crystals  are  well  represented ;  in  B  it  is  doubtful  whether  any  can 
be  recognized.  In  B  there  is  abundance  of  green  typical  chlorite, 
polarizing  a  deep  blue ;  in  A  there  is  a  corresponding  mineral  of  the 
faintest  tinge  of  green,  which  Mr.  Teall  informs  me  is  also  probably 
chlorite.  The  frequent  association  and  intimate  mixture  of  horn- 
blende and  chlorite  in  both  the  diabases  and  metamorphio  rocks 
is  noticeable. 

It  is  not  difficult  to  traoe  the  two  hornblendes  and  chlorite  from 
the  diabases  into  the  metamorphio  rocks.  In  a  vein  in  the  Sand- 
quay  diabase  (a  rock  in  which  the  original  minerals  are  nearly 
obliterated)  we  have  secondary  felspar  associated  with  fibrous  horn- 
blende and  very  pale  chlorite.  At  Blackpool,  chlorite  is  intimately 
associated  with  compact  hornblende.  At  Winslade  we  have  an 
occasional  crystal  of  compact  hornblende  and  much  chlorite  in 
company  with  a  few  streaks  of  fibrous  hornblende.  Near  Start 
Point  we  meet  with  a  highly  felspathic  green  rock  of  gneissoid 
character  containing  compact  hornblende,  much  fibrous  hornblende^ 
and  chlorite.  This  rock  is  an  epitome  of  the  decomposition  products 
of  the  Sandquay  and  Blackpool  valley  rocks,  the  fibrous  hornblende 
and  secondary  felspar  of  the  one,  with  the  compact  hornblende  of  the 
other,  and  the  chlorite  of  both,  being  all  represented  near  the  Start. 

An  interesting  feature  in  the  metamorphio  green-rocks  is  the 
frequent  occurrence  of  rounded  granules  of  felspar  full  of  greenish 
belonites  (actinolite  ?)  in  a  matrix  of  what  appears  to  be  chlorite 
and  hornblende  in  varying  proportions.  In  specimens  from  near 
Bickerton,  both  north  and  south  of  the  valley,  as  also  in  one  from 
Bickham  Sands,  the  matrix  is  chiefly  chlorite ;  whereas  in  another 
from  near  West  Bolbury  in  which  the  felspar  is  less  oonspiou^tei^y 
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roanded  tbo  matrix  oontains  much  fibrous  hornblende.  The 
belonites  in  felspar  are  such  a  prominent  feature  in  these  rooks 
that  I  have  oarefullj  searohed  the  more  chloritic  of  the  Devonian 
diabases  for  any  indication  of  the  incipient  formation  of  such 
mioroliths  in  felspar,  but  hitherto  without  success.  In  the  more 
altered  Winslade  rock,  B,  there  are  several  clear  grains  with 
belonites ;  but,  on  comparing  this  slide  with  the  one  from  Bickhnm 
Sands,  Mr.  Teall  considered  the  grains  in  the  diabase  to  be  quartz, 
but  was  unable  to  detect  quartz  in  the  metamorphic  rock ;  twelve 
grains  taken  at  random  proving  to  be  in  each  case  felspar. 

Professor  Bonney  has,  however,  described  quarts  with  belonites 
from  the  Prawle  district,  associated  with  a  mineral  supposed  to  be 
kyanite^  (QJ^.O.S.,  vol.  zl.  p.  17).  Miss  Baisin  has  also  described 
*'a  typical  slide  of  chlorite  schist,"  as  containing  grains  with 
belonites,  the  grains  being  attributed  to  quartz  (Q.J.O.S.,  vol.  xliiL 
p.  719). 

My  evidence  on  this  point  is  merely  negative.  Quartz  grains 
with  belonites  appear  to*  be  absent  from  my  slides  of  the  green 
rocks,  the  water-dear  grains  being  felspar.  If  such  quartz-grains 
do  occur,  and  we  have  the  evidence  of  Prof.  Bonney  and  Miss  Baisin 
that  they  do,  it  is  possible  that  the  early  stage  of  their  formation 
may  be  revealed  in  ^e  Winslade  Devonian  diabase  referred  to  above. 

FCLSPAK   AND   FsLSPATHIO   VeINS. 

In  1839  Sir  Henry  de  la  Beche  reported  the  occurrence  of  gneiss 
near  the  Prawle  Point,  by  the  addition  of  felspar  to  the  mica 
and  quartz  of  the  ordinary  schist.^  This  statement  has  been  the 
source  of  much  perplexity  to  geologists.  In  1881  the  late  Mr.  E.  B. 
Tawney  declared,  *'  there  was  nothing  approaching  gneiss  there."  ^ 
In  1883  Prof.  Bonney  suggested  that  a  mica-schist  banded  with  thin 
quartzo8e  laminae  might  be  De  la  Beche's  gneiss.^  In  1891  Mr.  W. 
A.  E.  Ussher  called  attention  to  a  grey  rock  near  the  Start  with 
incipient  foliation,  presenting  a  slightly  gneissoid  appearance.^ 
Messrs.  Sedgwick,  Murchison  and  Pengelly  have  each  in  turn  ex- 
pressed their  doubts  as  to  the  occurrence  of  gneiss  near  the  Prawle.* 

Sir  Henry  de  la  Beche  defines  precisely  the  rook  he  considers 
gneiss,  viz.  a  rock  composed  of  mica  quartz  and  felspar.  Thus 
Prof.  Bonney's  quartz-schist  will  not  meet  the  case  for  lack  of 
felspar,  just  as  the  grey  gpieissoid  rock  near  the  Start  ^  must  fail  for 
lack  of  quartz. 

The  importance  of  De  la  Beohe's  observation  consists  in  the 
recognition  of  felspar  in  the  mica-  and  quartz -schists.  This  felspar 
occurs  either  as  laminas  in  the  schists,  or  as  veins,  the  latter  being 
sometimes  associated  with  quartz  and  chlorite. 

'  I  regret  to  say  that  my  own  identification  of  kyanite  in  the  Bolt  Schist  (Trans. 
Der.  As^.  vol.  xxi.  p.  260)  was  wrong.  I  am  authoritatively  informed  that  there 
is  no  kyanite  in  any  of  my  slides  from  that  district ;  the  miueral  I  mistook  being 
probably  felspar. 

*  Report  Cornwall  and  Devon,  p.  27.  ®  Brit.  Assoc.  Rep.  1891. 

*  Trans.  I7ev.  Assoc,  vol.  xxi.  p.  469.  *  Trans.  Dev.  Assoc,  vol.  xi.  p.  322. 

*  Q^J.G.S.,  vol.  xL  p.  7.  "*  Appendix,  slide  40. 
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I  have  specimens  of  felspar  veini  or  infiltrations,  from  Start  Farm, 
Lannacombe  Mill,  West  Prawle,  Rickham  Sands,  Starrall  Bottom, 
South  Down,  and  Bolbury  Down,  thus  covering  the  area  of  the  mica 
and  quartz  schists  nearly  from  sea  to  sea.  This  felspar  oonstitotes 
an  important,  even  though  it  be  a  minor  feature,  in  the  petrology  of 
the  district. 

Veins  of  felspar,  quartz,  and  chlorite,  in  association,  are  not,  I 
believe,  common  in  the  Devonian  sedimentary  rocks :  the  only 
locality  in  which  they  occur  to  my  own  knowledge  being  on  the 
raised  beach  platform  at  Compass  Cove  outside  Dartmouth  Harbour, 
where  Devonian  sedimentary  rocks  are  in  close  proximity  to  dia- 
bases both  north  and  south.^  Here  quartz  is  the  predominant 
mineral,  with  felspar  sparingly  intermingled  and  chlorite  still  more  so. 

Sir  Henry  de  la  Beche  described  the  Eddystone  reef  as  "a  variety 
of  gneiss  similar  to  some  occurring  near  the  Prawie  Point." '  Had 
the  veteran  geologist  written  *  West  Prawie '  or  *  East  Prawie,* 
instead  of  *  the  Prawie  Point,'  there  would  be  little  difficulty  in  the 
case,  as  whereas  the  Prawie  Point  is  in  the  area  of  the  Green  Rocks, 
the  two  villages  of  that  name  are  on  the  mica-schists.  The  Eddy- 
stone  gneiss  has  many  points  in  common  with  the  felspathic  mica- 
schists,  but  very  few  with  the  Green  Hocks.  For  instance  in  a  slide  of 
mica-schist  from  near  the  Bolt  Signal  Station  we  find  quartz  with 
minute  bubbles,  white  mica,  felspar,  chlorite,  and  garnet.  All  these 
minerals  reappear  in  the  Eddystone  gneiss,  with  brown  mica  in 
addition.  All  slaty  structure  has  completely  vanished,  but  I  scarcely 
think  the  Eddystone  is  more  in  advance  of  the  Bolt,  than  the  Bolt  i« 
ahead  of  the  Start,  and  the  Start  of  the  Devonian  mioaoeous  sand- 
stones of  Beesands. 

Besides  the  points  of  general  resemblance  between  the  gneiss  of 
the  Eddystone  and  the  mica-schist  of  the  Bolt  district,  it  is  interest- 
ing to  note  that  felspar-quartz  veins  with  chlorite  also  occur  in  the 
Eddystone  rock,  and  were  described  by  Mr.  Tawney  in  1881.* 

Two  authors  have  noticed  the  green  decomposition-products  of 
the  South  Devon  greenstones.  In  1888  Mr.  A.  Somervail  incidentally 
observed  that  both  the  diabases  and  green  schists  were  charged  witi 
epidotic  and  chloritic  minerals.^  In  1889  Miss  C.  A.  Raisin  demur- 
ring to  this  statement,  so  far  as  it  affected  the  diabases,  said,  that  in 
them  she  had  found  chlorite  to  be  "generally  rare  and  often  absent ; "' 
but  records  viridite  in  two  specimens,  and  a  variety  of  palagonite 
in  a  third.  Further,  the  authoress  distinguishes  between  the  "  well- 
defined  "  chlorite  of  the  southern  rocks  and  the  green  mineral  of  the 
diabases. 

After  a  careful  examination  of  28  slides  of  the  schists  and  diabases 
I  find  that  14  out  of  16  of  the  latter  contain,  in  greater  or  less 
quantity  a  pale-green  mineral  which  seems  to  correspond  with 
Professor  Rosenbusch*s  description  of  chlorite. 

*  Since  the  above  was  in  type  I  have  been  indebted  to  Mr.  Ussher  for  excellent 
specimens  from  the  neighbourhood  of  Bantham. 

*  Rep.  Dev.  and  Cornwall,  p.  32.  ^  Trans.  Dev.  Assoc,  vol.  xiii.  p.  172. 

*  Trans.  Devon.  Assoc.  1888,  p.  224.  A  rock  from  Redlap,  in  Mr.  Somervail^s 
collection,  is  crowded  with  macroscopic  crystals  of  typical  epidote,  associated  witb 

B  little  chloiite.  *  Qkol.  Mao.  1889,  p.  266. 
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The  two  remaining  diabases  are  sohistose ;  one,  as  described  by 
Mr.  Harker,  contains  a  chlorite  which  polarizes  in  higher  tints 
than  usual,  and  is  associated  with  hornblende.^  The  other,  from 
between  Modbary  and  Aveton  Giffard,  contains  an  apple-green 
chlorite,  lying  between  the  lam i nee  of  the  rock,  strongly  pleochroic, 
which  sometimes  polarizes  the  typical  blue ;  sometimes  yellow,  and 
sometimes  bine  with  yellow  streaks.  I  have  not  myself  come  across 
any  glassy  rook  or  any  mineral  corresponding  with  the  descriptions 
of  ]^agonite. 

llie  greater  part  of  the  chlorite  in  the  Green  Bocks  is  the  strongly 
dichroic  variety,  and  both  in  the  green  rocks  and  diabases  is 
often  associated  with  hornblende.  Ordinary  chlorite  occurs  in  the 
quartz-schists  at  the  Start  and  Bolt,  in  some  of  the  felspathic  veins, 
and  occasionally  in  the  green  schists  with  the  more  decidedly 
dichroic  variety.  In  the  diabases,  and  in  the  metamorpbic  rocks 
and  veins,  the  pale  chlorite  seems  connected  with  decomposition 
by  chemical  action,  while  the  deeper  coloured,  dichroic  and  more 
brightly  polarizing  variety  seems  to  be  closely  associated  with 
hornblende,  and  dynamic  alteration. 

I  must  confess  to  finding  the  chlorites  very  difficult  Much  of 
this  mineral  in  one  of  the  diabases,  when  examined  first  by  lamp 
light,  appeared  so  completely  isotropic  that  I  mistook  it  for  a  glass. 
Even  by  daylight  this  chlorite  often  seems  nK)re  colourless  than 
usual,  more  free  from  any  trace  of  dichroism,  and  polarizes  with 
tints  of  the  faintest  On  the  other  hand  the  chlorite  of  the  Schistose 
Diabases  and  of  the  Green  Bocks  often  tends  to  the  other  extreme, 
being  deeply  coloured,  highly  dichroic,  and  polarizes  in  comparatively 
bright  colours.  On  referring  to  those  authors  who  have  mentioned 
the  chlorites  of  South  Devon,  their  descriptions  will  be  seen  to  be 
often  qualified  or  guarded,  e,g.  Prof.  Bonney — "rather  a  chlorite 
than  a  mica,"  Q. J.G.S.  vol.  xl.  p.  14,  and,  "  a  species  of  the  chlorite 
group,"  p.  16.  Miss  Baisin — **  generally  dichroic  changing  from  a 
feeble  brownish  tint  to  a  deep  green  colour,  Q. J.G.S.  vol.  xliii.  p.  719. 
and  "possibly  in  part  at  least  prochlorite  of  Dana,  p.  720.  Mr. 
Harker — "  apparently  one  of  the  ripidolite  group,"  Appendix,  slide 
No,  40,  and  in  a  letter  referring  to  one  of  the  Devonian  Quartz- 
felspar-chlorite  veins,  "no  doubt  one  of  the  chlorite  minerals,  but 
I  could  not  with  confidence  say  more."  Mr.  Tawney,  on  a  felspar 
vein  in  the  Eddystone  gneiss — "  vermiform  collections  of  clinochloro  " 
Trans.  Devon  Assoc,  vol.  xiii.  p.  172. 

In  describing  the  schist  from  the  Start  Point,  Miss  Baisin  records 
the  following  facts,  the  correct  interpretation  of  which  is  of  crucial 
importance  : — "  In  all  these  slides  I  was  on  the  look  out  for  evidence 
of  secondary  cleavage-foliation,  and  I  could  trace  in  all  the  beginnings 
of  such  a  structure."  In  my  own  investigation  of  the  grits  and 
schists,  specimens  as  free  £is  possible  from  crumpling  have  invariably 
been  sought  for  comparison ;  and  as  in  these  rocks  the  absence  of 
crampling  proves  the  absence  of  lateral  pressure,  stratification- 
foliation  and  cleavage-foliation,  if  present,  are  likely  to  be  coincident 

>  Appendix,  slide  33. 


294        A.  12.  Muni — Devonian  Rocks  of  South  Devon. 

In  the  slide  described  by  Mr.  Harker^  it  will  be  dbeerred  tLat 
the  little  cracks  cemented  by  opaque  iron-ores  maintain  a  rough 
parallelism,  agreeing  in  direction  with  the  scales  of  mica.  The  hand- 
•peciraen  shows  also  the  general  parallelism  of  the  quartz- lam  ion. 
This  rock  is  clearly  a  modified  micaceoos  grit-band  in  which  all 
the  minerals,  iron,  quartz,  and  mica,  tend  to  lie  in  planes  parallel 
with  the  original  bedding  of  the  band. 

Now  if  we  turn  to  an  equally  unorumpled  DeTonian  mioaceoas 
grit,  we  find  a  rock  macroscopically  extremely  like  the  qnartz-Bchist, 
with  well-defined  lines  of  sedimentation  in  which  the  iron -ores  and 
minute  flakes  of  mica  as  seen  in  the  microscope  take  a  decided  linear 
arrangement ;  the  whole  rock  beipg  also  micaceous.  Sometimes  these 
Devonian  grits,  through  pressure,  crack  and  gape  in  the  planes  of 
stratification,  sometimes  obliquely  across  these  planes ;  such  cracks 
being  occasionally  filled  by  quartz,  without  the  grit  itself  being 
afiected  by  solution.  Now  if  these  grit  bands  with  their  already 
existing  iron-  and  mica-lines  were  exposed  to  sufficient  heat  and 
pressure  for  their  constituent  quartz-grains  to  be  dissolved,  the 
mica-flakes  distributed  through  the  rock  would  necessarily  float 
out  into  the  quartz,  and  the  two  together  would  fill  and  oement 
cracks  dependent  in  direction  on  the  direction  of  pressure ;  so  that 
these  new  cracks  would  (in  the  majority  of  cases)  not  be  parallel 
with  the  original  stratification-foliation  of  the  grit.  This  simpls 
process  seems  to  be  indicated  in  the  less  altered  quartz-sohists  of 
the  Start,  in  which  to  judge  by  analogy  with  the  Devonian  grits 
the  black  lines  of  iron  and  mica  usually  correspond  with  the  original 
sedimentary  lines,  while  the  quartzose  laminss  are  in  nearly  all  cases 
of  subsequent  date. 

It  may  be  noted  that  among  the  minerals  accompanying  and 
determining  foliation  in  the  mica-  and  quartz -schists  of  South 
Devon  are  iron,  mica,  quartz,  and  felspar,  and  in  the  green  rocks 
felspar,  hornblende,  and  chlorite.  In  the  Devonian  Yoloanics  the 
laminsB  of  the  schistose  rocks  are  often  determined  by  hornblende 
and  chlorite,  but  I  have  not  noticed  any  distinct  alineation  of 
felspar,  as  distinguished  from  veins. 

EXPLANATION  OP  PLATE  VIIL 

Fio.  1.— Red  Mica  Schist,  north  of  Start  Sinial  House.  (24)  Magnified  13 
diameters.  Original  streaks  of  red  and  black  iron  ores  trarerae  the  slide 
in  places  obliquely  from  top  to  bottom.  These  are  intimately  associated 
with  mica,  which  lies  between  them  in  wavy  lines.  These  more  ancient 
minerals  are  invaded  by  quartz,  which  trarerses  the  slide  from  side  to 
side.  The  mica-flakes  diseneaged  by  the  quartz  tend  to  align  themsehes 
flake  by  flake  in  the  general  direction  of  the  quartz.  In  this  rook*  though 
a  mica  schist,  the  planes  of  schistosity  are  indicated  by  iron  and  quartz,  thA 
direction  of  the  mica  being  uncertain. 

Fio.  2. — Chlorite-schist,  Rickham  Sands,  Salcombe.  Magnified  81  diameters. 
Secondary  felspar- granules  with  belonites  in  a  chloritio  matrix.  Th^ 
schistose  character  of  the  rock  is  determined  by  the  general  alignment  of 
the  felspar-granules. 

{To  be  continued  in  our  next  Number,) 
*  Appendix*  slide  No.  B. 
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IL«— Notes  on  thb  Ck)MiSTOM  LmssTONE  Sebixb. 

By  J.  0.  OooDCRiLD,  F.O.S., 

H.M.  Geological  Surrey. 
Commuoicated  by  permiBdon  of  the  Director  for  Great  Britain. 

r„  H ABB'S  valuable  coramunication  on  the'  ConiBton  Limestone 
Series,  which  appeared  in  the  March  Number  of  this  Magazine, 
is  sure  to  be  welcomed  as  an  excellent  summary  of  the  geology  of 
this  iDteresting  group  of  rooks.  It  contains  a  digest  of  most  of  the 
published  work  relating  to  the  Coniston  Limestone  Series,  and  also 
many  new  finots  and  arguments  drawn  from  Mr.  Marr's  own  obser- 
yationa  in  the  field. 

The  stratigraphy  of  some  of  the  areas  referred  to  in  the  paper 
presents  very  considerable  difficulties,  and  therefore  requires  very 
detailed  observations  before  any  definite  conclusion  can  be  drawn 
from  the  facts.  This  is  perhaps  the  reason  why  so  many  observers 
have  differed  in  their  interpretation  of  the  evidence.  In  the  areas 
adjoining  the  Pennine-Craven  Fault  especially  the  geology  is  so 
complicated  that  many  square  miles  of  country  might  be  described 
as  consisting  of  a  gigantic  fault-brecia,  whose  constituents  appear  to 
defy  any  attempt  at  identification.  The  officers  of  the  Geological 
Survey  had  to  go  over  a  large  part  of  this  faulted  area  again  and 
again,  long  after  every  available  piece  of  evidence  within  the  area 
itself  appeared  to  be  exhausted.  All  this  requires  much  time.  But 
one  result  of  such  repeated  revisions  of  the  more  difficult  parts  is 
that  those  who  have  gone  so  many  times  over  the  ground  gain 
obvious  advantages  over  those  who  happen  to  be  less  fortunate  in 
such  matters. 

Under  the  circumstances,  therefore,  Mr.  Marr  will  hardly  be 
unprepared  to  find  that,  in  minor  points  of  detail  relating  to  the 
rocks  under  notice,  some  of  his  predecessors  have  arrived  at  con- 
clusions different  from  his  own.  That  is  so  in  the  present  case; 
and  I  avail  myself  of  the  Director's  permission  to  call  Mr.  Marr*s 
attention  to  one  or  two  such,  in  the  hope  that  the  corrections  may 
be  of  service  to  him  in  his  future  work  over  the  same  ground. 

The  Bala  Bocks  of  the  Cross  Fell  Inlier, — The  highest  members  of 
this  series  have  already  been  adequately  described  by  Messrs.  Marr 
and  Nicholson  (Q.J.G.S.  vol.  xlvii.),  so  that  there  is  no  need  to 
discuss  any  special  point  in  connexion  with  them  here.  For  field 
purposes  it  suffices  to  separate  these  rocks  into  a  (1)  lower  series 
consisting  of  calcareous  shales,  and  containing  a  fauna  proper  to 
pelitic  rocks  of  this  age.  (2)  An  upper,  mainly  calcareous  series, 
with  the  fauna  such  as  might  be  expected  to  occur  in  the  clearer 
Waters  where  limestone  was  in  process  of  formation.  Any  local 
change  from  argillaceous  to  calcareous  is,  as  might  be  expected, 
accompanied  by  a  corresponding  change  in  the  fossils.  The  lower 
series  of  shales  graduates  upward  into  the  calcareous  series.  The 
limestone  of  Eeisley  belongs,  I  believe,  to  a  higher  part  of  this 
calcareous  series  than  has  been  left  by  pre-Silurian  denudation  else- 
where in  the  area  under  notice.    It  is  faulted  in  all  round. 
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Below  the  Upper  Sbale-and-limeetone  series,  which  representi 
the  Coniston  Limestone  Series  of  the  areas  to  the  west,  there  risM 
a  thick  mass  of  rhyolitic  tuffs,  which  form  the  Pikes  of  Dafton, 
Knock,  the  north  end  of  Rake  Brow,  Melmerby,  and  soTeral  other 
smaller  eminences  in  the  district  They  are  quite  conformable  to 
the  overlying  shales.  Their  base  is  not  clearly  seen  anywhere  hers; 
but  quite  enough  of  them  is  exposed  to  show  that  they  are  not  less 
than  1100  feet  in  thickness.  This,  there  is  reason  to  believe,  is  not 
far  from  their  full  vertical  extent  Except  that  these  rocks  are  (as 
I  believe)  of  pyroclsistic  origin  everywhere  in  this  area,  they  very 
closely  resemble  the  rhyolitic  series  that  underlies  the  Coniston 
Limestone  west  of  Shap,  and  there  cannot  be  much  doubt  about 
their  actual  contemporaneity. 

With  the  general  distribution  of  these  in  the  Cross  Fell  area  we 
are  not  at  present  concerned.  But  their  presence  in  the  neighbour- 
hood of  Roman  Fell  has  been  misinterpreted.  Considering  the 
complicated  nature  of  the  geology  there,  this  can  hardly  be  wondered 
at.  The  facts  as  they  appear  to  me  are  of  the  following  kind  :^ 
Between  the  village  of  Helton  and  the  flanks  of  Roman  Fell, 
Coniston  Shales  of  the  ordinary  type  are  seen  at  many  places  from 
Helton  Beck  southward.  They  are  cut  off  on  the  south-west  by  the 
Outer  Pennine  Fault,  which  brings  the  Bunter  (or  St  Bees)  Sand- 
stones and  Shales  directly  against  them,  llie  Coniston  Shales  dip 
towards  the  north-west  at  rather  high  angles.  So  that  as  their  out- 
crops are  traced  towards  the  south-east,  their  base  is  reached  about 
five  hundred  yards  to  the  south-east  of  Helton  Beck.  Then  rises 
from  beneath  them  here,  as  elsewhere  in  this  part  of  England,  a 
mass  of  rhyolitic  tuffs  of  exactly  the  same  nature  as  those  of  Dnfton 
Pike,  Knock  Pike,  etc.  These  form  the  small  hill  known  as  the 
Seat.  The  Outer  Pennine  Fault  runs  close  alongside  this  hill,  and 
cuts  off  these  tuffs  on  the  south-west,  bringing  the  St.  Bees  Sand- 
stones into  direct  contact  with  them  for  a  distance  of  several  hundred 
yards,  as  may  be  seen  in  the  course  of  Helton  Sike. 

On  the  eastern  side  of  the  Seat  ranges  one  of  the  Middle  Pennine 
Faults,  which  here  brings  up  against  the  rhyolite  tuffs  a  narrow 
strip  of  the  alternations  of  submarine  tuffs  and  argillites,  which 
represent  the  seaward  equivalents  of  the  Borradale  Series,  and  which 
1  have  named  the  Milbum  Rocks.  These  in  turn  are  cnt  off  by 
another  fault  ranging  nearer  to  Roman  Fell.  The  effect  of  this 
fault  is  to  let  in  a  strip  of  volcanic  rocks  of  yet  a  different  type.  It 
is  these  with  which  we  are  specially  concerned  at  present  Undw 
the  name  of  the  Roman  Fell  Volcanic  Series,  specimens  collected 
and  fully  labelled  by  myself  were  for  several  years  from  1876 
onward  on  exhibition  in  the  Rock  Collection  at  the  Museum  of 
Practical  G^logy.  I  have  reason  to  know  that  Mr.  Marr  has  long 
been  acquainted  with  the  specimens  in  question;  though  I  under- 
stand from  him  that  he  has  not  actually  seen  them  in  sitH, 

On  the  ground,  these  Helton  Moor  Volcanic  Rooks  may  be  readily 
found  by  any  one  used  to  field  geology,  if  he  will  cross  the  Moor 
from  the  Smelt  Mill  at  Helton  along  a  direct  line  oonneoting  that 
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building  with  a  point  a  little  to  the  north  of  the  snmmit  of  Boman 
Fell.  Both  points  can  easily  be  kept  in  view.  He  will  cross  (1) 
the  Banter  Sandstones  and  Shales;  (2)  the  Oater  Pennine  Fault, 
which  runs  north-westerly  along  the  upper  side  of  Helton  Sike; 
(3)  the  Ooniston  Shales,  seen  in  several  places  on  the  Moor;  (4)  the 
Rhyolite  tuffs  (Dufton  Pike  beds)  of  the  Seat ;  (5)  a  narrow  strip 
of  the  Milbum  Bocks  faulted  in  by  the  Middle  Pennine  Fault ;  (6) 
the  Helton  Moor  Volcanic  Series,  and  also  an  interesting  dyke  of 
microgranite,  containing  large  rhombs  of  muscovite,  like  the  Dufton 
'*  Granite."  These  are  best  exposed  along  the  1250  feet  contour. 
When  this  is  reached,  the  observer  will  see  the  rocks  best  by 
following  the  same  elevation  southward.  Their  outcrop  extends 
over  about  seven  hundred  yards.  These  volcanic  rocks  will  be  seen 
to  have  a  fairly-steady,  and  high,  northerly  dip,  so  that  lower  beds 
rise  to  the  surface  as  the  rocks  are  traced  southwards.  They  consist 
of  alternations  of  ashy  mudstones,  ashy  grits,  tuffs,  and  a  few  beds 
of  lava,  which  occur  chiefly  at  the  north  end  of  the  exposure,  and 
are,  apparently,  of  an  andesitic  type.  One  or  two  beds  of  lava  are 
markedly  porphyritic,  and  recall  the  beds  of  Bake  Brow,  Melmerby 
(whose  volcanic  origin  was  demonstrated  by  the  Survey  in  1876). 

As  the  beds  are  followed  towards  the  south,  their  base  is  reached, 
and  the  volcanic  rocks  are  seen  to  graduate  downward  into  a  group 
of  very  calcareous  and  partly  ashy-looking  shales.  I  have  published 
references  to  this  important  piece  of  evidence  on  many  previous 
occasions,  and  have,  in  addition,  had  the  pleasure  of  conducting 
many  fellow  geologists  over  the  rocks  in  question  during  the  last 
fifteen  or  more  years. 

We  are  indebted  to  Messrs  Man*  and  Nicholson  for  very  valuable 
lists  of  fossils  from  these  beds.  On  account  of  the  occurrence  in 
them  of  TremattB  corona,  the  authors  just  named  have  called  these 
beds  the  Corona  Beds.  The  name  seems  to  me  to  be  not  altogether 
a  good  one,  and  for  the  following  reasons : — Trematis  corona  occurs 
in  the  Ooniston  Shales  in  several  localities.  Below  these  shales 
come  the  rhyolite  tuffs,  which  are  hardly  less  than  1100  feet  in 
thickness.  Immediately  beneath  them  the  exact  sequence  is  not 
known ;  but  I  do  not  think  that  any  great  thickness  of  rock  (if  any 
at  all)  is  missing.  Then  follows  the  series  of  volcanic  rocks  of 
Helton  Moor,  just  referred  to,  which  are  certainly  not  less  than 
1000  feet  in  thickness.  (I  more  than  suspect  that  these  Helton 
Moor  volcanic  rocks  are  the  equivalents  in  time  of  those  I  named 
the  Bake  Brow  Series,  from  the  place  of  that  name  east  of  Melmerby. 
Certainly  some  beds  very  much  like  the  Helton  Moor  beds  occur  at 
the  base  of  the  series  at  Bake  Brow;  just  as  rhyolitic  tuffs  like 
those  of  Knock  come  on  above  them.)  Below  the  Helton  Moor 
volcanic  rocks  is  the  Lower  Trematis  corona  bed,  that  is  to  say,  the 
fosiitiliferous  shales  mentioned  above. 

I  think  if  Mr.  Marr  had  acted  upon  the  friendly  hint  I  gave  him 
in  a  letter  some  time  back,  he  would  have  found  that  there  are  two 
Corona  beds  here,  and  that  these  are  separated  by  a  considerable 
thickness  of  other  rooks,  as  Professor  Lapworth  inCocaia  m^^  i&  tk^ 
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case  in  the  Oirran  area.  Certainly  the  two  Ccroma  beds  do  noi 
come  ti^ther,  as  Mr.  M arr's  sectiona  indicate. 

As  for  the  relation  of  theae  Helton  Moor  beds  to  the  intereatii^ 
■et  of  strata  discoTered  by  Messrs.  Marr  and  Nioholiion  at  Diygill, 
I  fail  to  see  any  reason  why  they  may  not  be  oontemporaneons.  It 
is  now  several  years  since  I  expressed  the  opinion  that  the  higher 
Ordovicians  of  Cumberland  were  transgresstve  across  sacoeesively 
lower  beds  of  the  same  system  as  they  trend  towards  the  north; 
and  illustrated  that  view  by  a  diagram  (Proa  G^l.  Assoa  voL  ix. 
No.  7,  fig.  1).  This  diagram  was  intended  to  express  what  I  beUered 
to  be  the  facts  in  not  only  the  Lake  District,  but  also  in  the  GroM 
Fell  area. 

It  may  be  conyenient  to  give  here  a  general  summary  of  the 

snocession  of  these  older  rocks  as  developed  in  the  area  at  the  foot 

of  the  Cross  Fell  Escarpment : — 

ApfMroxiiialt 

Silurian  Rocks.  thickneii 

Unconformity.  in  feet 

Coniston  Limestone  Smes       +  900 

Dufton  and  YarUide  Rhyolitic  rocki      -t-1100 

Strata  miMing,  probably  not  of  great  thicknee. 

Helton  Moor  (?  and  Rake  Brow)  Volcanic  Series        +1000 

Helton  Moor  Shales 4-  600 

Break  of  unknown  extent,  probably  coinciding  with  an  un- 
conformity, which  increases  in  extent  going  northwards. 

Milbum  Rocks not  less  than  6500 

Skiddaw  Slates,  of  great  thickness        not  less  than  8000 

The  Craven  Area, — I  Rball  not  attempt,  on  the  present  occasion, 
to  deal  with  the  many  difficult  problems  suggested  by  the  Bala  rocks 
of  this  area.  All  the  older  Palaeozoic  rocks  of  Craven  were  mapped 
in  gteat  detail  by  Prof.  Hughes,  and  were  described  by  him,  many 
years  ago,  and  both  Mr.  Marr  and  I  owe  mnch  of  oar  knowledge  of 
them  to  his  earlier  work.  I  may,  however,  state  that  they  seem  to 
ine  to  be  mnch  more  complex,  and  also  very  mnch  thicker,  than  has 
generally  been  supposed.  It  is  a  long  way  from  Roman  Fell  to 
Wharfe ;  otherwise  I  should  be  disposed  to  think  that  the  beds  in 
Craven  that  Mr.  Marr  has  taken  to  be  on  the  horizon  of  the  Ooniston 
Limestone  are  much  lower  down  in  the  series,  and  that  the  true 
Coniston  Limestone  (here  much  thicker  than  in  the  typical  area)  was 
locally  denuded  (together  with  a  great  thickness  of  some  rocks  older 
in  the  series)  before  the  Silurians  were  laid  down ;  so  that  it  is  only 
left  here  and  there.  I  had  the  advantage  of  going  over  all  the  details 
of  that  part  of  Prof.  Hughes'  work  under  his  own  gnidanoe,  and 
with  the  additional  advantage  of  the  long  experience  of  Mr.  Aveline. 
This  was  between  1874  and  1876.  Later  still,  my  colleague,  Mr. 
Gunn,  carefully  checked  all  our  previous  work,  under  the  super* 
intendence  of  Mr.  Howell,  the  Director  for  Great  Britain.  I  think 
I  may  now  venture  to  state  on  behalf  of  all  my  colleagues  conoemed, 
that  not  one  of  us  is  at  all  disposed  to  entertain  for  a  moment  the 
idea  that  the  Bala  rocks  of  Craven  are  separated  from  the  Ingleton 
Green  Slate  Series  by  a  fault,  as  Mr.  Marr  has  shown  in  his  seotion. 
On  the  oontraryi  the  Bala  oalcareous-and-ashy  series  appears  to  ni 
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>  gradnate  downward  by  interbedding  into  th«  great  series  of  barren 
reywackes  and  argillites,  which  we  call  the  Ingleton  Oreen  Slate 
eries;  so  that  the  upper  and  the  lower  sections  are  almost 
iseparable. 

Like  Mr.  Harr,  we  were  all  of  ns  at  first  very  much  stmok  by 
le  remarkable  difference  in  lithological  character  between  these 
sdimentary  rooks  of  Ingleton  and  the  tuffs  and  lavas  of  the  Lake 
Kstrtot.  Mr.  Aveline,  whose  authority  in  such  matters  no  geologist 
rill  question,  repeatedly  expressed  the  opinion,  as  far  back  as  1874, 
lat  he  could  see  no  difference  between  this  Ingleton  Green  Slate 
eries  and  the  LongmtfndianB,  Nor  can  I«  Nor  is  there  any  differ* 
Qoe  between  them  and  the  rocks  of  the  Scottish  Central  Highlands^ 
scept  that  the  latter  rooks  have  undergone  plutonic  metamorphism^ 
rhich  the  Graven  rocks  have  not.  But  then,  on  the  other  hand,  one 
raat  series  of  g^y  wackes  is  very  much  like  another,  and  much  of 
le  Coniston  Orit,  as  Mr.  Marr  knows  better  than  most  men,  is 
ardly  distinguishable  in  lithological  character  from  much  of  the 
Qgleton  rooks. 

I  see  no  difficulty  in  regarding  the  Ingleton  rocks  as  old  sediments 
ke  the  coarser  part  of  the  Milbum  Rocks,  into  which  marine 
iirrents  have  swept  the  detritus  from  the  contemporaneous  denuda- 
on  of  the  maritime  volcanoes  to  the  north. 

In  conclusion  there  is  one  point  that  Mr.  Marr  has  not  dwelt  upon 
t  as  great  length  as  his  knowledge  of  the  subject  would  have 
rarranted.  It  is  this : — the  most  widely-spread  types  of  Ordovioian 
xsks  in  the  north-west  of  England  must  not  be  looked  for  in  the 
■ake  District  proper,  but  in  the  areas  where  deeper- water  conditions 
btained  outside  of  it.  The  persistent  types  are  to  be  found,  not  in 
[id-Cumberland,  but  in  Craven,  and  within  the  Cross  Fell  Inlier. 


Ill — On  ths  British  Eabthquakbs  ov  1891. 

By  Chaklbs  Dayison^  M.A.  ; 
Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

"COMPARED  with  that  of  the  year  before,  the  British  seismio 
_J  record  for  1891  is  somewhat  meagre.  It  includes  a  slight 
irthquake  felt  in  North  Cornwall  on  March  26,  several  at  Inver- 
ury,  Ardochy,  and  Loch-houm  Head  in  Inverness-shire ;  and  one 
^her,  believed  to  be  that  of  an  earthquake,  at  Bournemouth  on 
*otober  25.  The  remarkable  series  of  earthquakes  felt  between 
ovember  15  and  December  14, 1890,  in  the  district  round  Inverness 
»ems  to  have  ended  at  the  latter  date ;  for  Mr.  J.  Bimie,  a  very 
ireful  observer  residing  at  Balnafettack,  informs  me  that  he  has 
lit  none  during  the  past  year;  and  his  evidence  is  especially 
finable,  since  the  epicentra  of  nearly  all  the  shocks  must  have 
)en  close  to  that  village. 

N.  CoBNWALL  Eabthquakb  :  Maboh  26, 1891. 

Time  of  oocnrrenoe,  about  11  h.  30  m. ;  Intensity,  lY. ;  Epicentrum, 
t  5(JPi(yK;  long.  4^56|' W.,  i.e.  imileaK.^S^  £.oiQ%iwML^x^, 
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Diaturhed  Area,  —  I  have  reoeived  seventeen  aooonnts  of  tins 
earthquake  from  sixteen  different  places.  On  the  acoompanjii^ 
map  these  places  are  represented  by  small  discs;  a  cross  dnwn 
through  the  discs  indicating  that  the  usual  earthquake-sound  was 
also  heard.  At  one  place  (Otterham),  so  far  as  I  know,  the  somid 
only  was  noticed.  At  three  other  places  near  the  boundary  of  ^ 
disturbed  area,  the  shock  does  not  seem  to  have  been  felt,  though 
special  inquiries  were  made  by  residents  in  them.  These  places  are 
Egloskerry,  St  Eew  and  Trewen ;  and  they  are  represented  on 
•the  map  by  small  circles.  At  Laneast,  Port  Gkiyem,  St.  Breward, 
St  Gennys  and  St.  Tudy,  I  have  been  informed  that  the  shock  was 
not  felt,  but  I  am  not  certain  that  this  was  the  experience  of  more 
than  one  person  at  each  of  these  places. 

The  boundary  of  the  disturbed  area,  as  drawn  npon  the  map, 
corresponds  to  an  isoseismal  line  of  intensity  somewhat  less  than  IV. 
according  to  the  Rossi-Forel  scale.  The  area  inclosed  by  it  is 
17  miles  long,  13  miles  broad,  and  contains  about  170  square  miles. 
Its  centre  is  4  miles  N.  35°  £.  of  Camelford ;  and  this  point  probably 
coincides  very  nearly  with  the  position  of  the  epioentrum.  The 
longer  axis  of  the  disturbed  area  is  directed  approximately  north 
and  south.  About  one-third  of  the  boundary-line,  it  will  be  noticed, 
lies  outside,  the  land ;  and  its  exact  course  in  this  part  must  of 
course  be  somewhat  uncertain.  The  observations  from  Tintagel  and 
Boscastle  show,  however,  that  its  position  cannot  differ  very  greatly 
from  that  assigned  to  it  on  the  map. 

Nature  of  the  Shock. — The  following  accounts  give  the  most 
detailed  information  I  have  received  : 

Bolverton. — Two  distinct  shocks  felt,  separated  by  an  interval  of 
two  or  three  seconds. 

Boscastle. — (1)  Two  shocks,  the  first  rather  more  intense  than 
the  second  which  followed  after  a  lapse  of  perhaps  ten  seconds, 
a  decided  tremulous  motion  being  felt  both  during  and  after  the 
two  shocks.  (2)  Two  shocks,  the  second  shorter  and  fainter  than 
the  first,  and  felt  a  second  or  two  after  it. 

Jacobstow. — Two  shocks,  the  interval  between  them  two  or  three 
seconds. 

Michaelstow. — Two  shocks  felt,  the  first  very  slightly,  the  second 
very  decidedly,  and  almost  instantaneously  after  the  first 

New  Mill,  Poundstock. — Two  shocks,  a  slight  tremulous  motion 
being  felt  before  and  after  both  of  them,  the  first  shock  more  intense 
than  the  second. 

St.  Clether. — Two  shocks,  consisting  of  a  trembling  like  that 
caused  by  a  sudden  violent  rush  of  wind  against  the  house ;  each 
shock  lasted  about  ten  seconds,  they  were  approximately  equal  in 
intensity,  and  were  separated  by  an  interval  of  a  few  seconds. 

St.  Juliot. — Two  shocks,  consisting  of  rapid  and  continuous  vibra- 
tions, slightly  increasing  in  intensity  about  the  middle.  The  first 
and  strongest  shock  lasted  for  eight  or  nine  seconds,  the  second  for 
five  seconds,  the  interval  between  them  being  three  seconds. 

TintageL — ^Two  shocks  felt 
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Treneglos. — Two  shocks  felt,  separated  by  an  interval  of  about 
fifteen  seconds,  no  vertical  motion  perceptible. 

Intewity. — ^The  intensity  of  the  shock  was  at  IV.  at  the  following 
places :  Altamon,  Bosoastle,  Gamelford,  Ponndstock,  St.  Glether, 
St.  Juliot,  Tintagel,  Trenegios,  Victoria  Inn  (near  Davidstow)  and 
Warbstow ;  and  less  than  IV.  at  Bolverton,  Five  Lanes  Inn  (near 
Altamon)  and  Miohaelstow. 


Sound-phenomena. — With  three  exceptions  (Altamon,  N.  Penlean, 
and  Victoria  Inn)  earthquake-sounds  are  recorded  at  all  the  places 
of  observation,  and  the  omission  at  these  places  is  probably  acci- 
dental. The  sounds  were  heard  at  all  the  places  which  determine 
the  boundary  of  the  disturbed  area.  They  were  also,  I  am  informed, 
heard  two  miles  to  the  east  of  Bolverton,  so  that  it  is  possible  that 
the  sound-area  may  have  slightly  overlapped  the  disturbed  area 
towards  the  south-east  Otherwise  the  two  areas  seem  to  have 
coincided  approximately. 

The  sound  is  said  to  have  preceded  the  shock  at  Michaelstow,  to 
have  accompanied  it  at  Bolverton,  Boscastle,  Camel  ford,  Jacobstow, 
St  Clether,  St  Juliot  and  Treneglos,  and  to  have  preceded,  accom- 
panied and  followed  it  at  Poundstock. 

At  Boscastle,  Dr.  Wade  informs  me  that  the  sound  resembled  that 
of  a  ponderous  waggon  going  over  a  vacuum.  It  was  heard  while 
the  shocks  lasted  and  daring  the  whole  of  the  interval  of  about  ten 
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ieoondf  between  them ;  the  intemity  being  nearly  onifonn  tiuoo^- 
out,  bat  greatest  when  the  vibrationB  were  felt,  and  slightly  leM 
daring  the  interval  between  them.  Anot?«^r  obeerver  at  theaame 
place  compares  the  sound  to  that  made  by  an  unusoally  heavy 
waggon  going  over  a  bridge,  but  it  was  not  heard  by  him  daring 
the  whole  of  the  interval  between  the  jshocks.  "There  was  ailenoa^" 
he  remarks,  "for  a  second  or  two  between  the  mmblee ;  the  latter 
went  off  as  the  sound  of  a  heavy  ground  sea  after  breaking  on  the 
shore ;  it  was  shorter  and  fainter  than  the  first."  At  every  other 
place  the  sound  oeased  for  a  greater  or  less  time  between  the 
shocks.  At  Miohaelstow  a  loud  rumbling  sound,  resembling  the 
passing  of  a  very  heavy  vehicle  over  a  hard  road,  preceded  each 
ahock,  growing  rapidly  in  volume  and  dying  quickly  away.  At 
St.  Juliot,  again,  the  sound  accompanied  each  shock,  varying  only 
slightly  in  intensity,  but  greatest  at  the  moments  when  the  vibrations 
were  felt. 

Origin  of  the  Shoeka. — ^The  first  point  to  be  determined  is  the 
origin  of  the  double  shock,  and  of  this  three  explanations  may  be 
given.  (1)  The  seismic  focus  may  have  consisted  of  two  detached 
portions,  or  have  contained  two  regions  of  maximnm  initial  intensity; 
(2)  there  may  have  been  a  repetition  of  the  originating  impulse 
at  one  and  the  same  spot;  or  (3)  a  repetition  of  the  originating 
impulse  at  another  and  different  spot ;  the  focus,  or  line,  joining  the 
foci,  being  in  any  case  directed  north  and  south. 

If  the  first  explanation  were  the  correct  one,  the  interval  between 
the  two  shocks  would  have  been  greatest  in  the  continuation  of  the 
line  joining  the  foci,  t.e.  in  the  north  and  south  parts  of  the  dis- 
turbed area,  and  least  in  the  east  and  west  parts.  Without  placing 
too  great  a  reliemce  on  the  estimates  of  this  interval  given  above,  it 
is  clear  that  they  offer  little  suppoit  to  this  theory.  At  Miohaelstow, 
indeed,  the  second  shock  was  said  to  follow  "almost  instantaneously" 
after  the  first,  but  the  interval  was  yet  long  enough  to  allow  tiie 
rumbling  sound  to  cease  and  to  be  heard  again  before  the  second 
shock ;  and  Miohaelstow  is  not  far  from  the  southern  boundary 
of  the  disturbed  area.  The  second  explanation  is  also  out  of  the 
question,  on  account  of  the  different  relative  intensity  of  the  shocks 
at  different  places. 

There  remains  the  third  theory,  and  the  evidence,  such  as  it  is, 
seems  clearly  in  its  favour.  At  all  parts  of  the  disturbed  area  there 
would  be  a  perceptible  interval  between  the  shocks,  provided  the 
interval  between  the  initial  impulses  was  not  equal  to  the  time 
required  for  the  earth-wave  from  a  further  and  earlier  focus  to 
overtake  that  from  a  nearer  and  later  one.  The  distance  between 
the  foci  will,  however,  account  to  some  extent  for  the  variations  in 
the  estimates  of  the  interval  between  the  shocks. 

More  important  evidence  is  furnished  by  the  different  relative 
intensity  of  the  two  shocks  at  different  places.  We  have  seen  that 
the  first  shock  was  the  stronger  at  Boscastle,  Poundstock,  and  St. 
Jul  lot,  all  lying  to  the  north  of  the  epioentrum ;  the  second  decidedly 
the  stronger  at  Miohaelstow,  near  the  southern  end  of  the  distorbed 
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area;  while  at  St  Glether,  whioh  it  near  the  eastern  boundary,  the 
intensitiee  of  the  two  shooks  were  approximately  equal. 

I  oondade,  then»  the  **^'Ook8  were  really  distinct,  the  focus  of  the 
second  hein^  to  the  south  of  that  of  the  first ;  and  it  is  obvious  that, 
if  this  were  the  case,  the  interval  between  the  two  shocks  should 
have  beeit  least  at  the  southern  end  of  the  disturbed  area,  an  infer* 
eooe  whioh  agrees  with  the  estimate  already  quoted  of  the  apparently 
short  interval  at  Miohaelstow. 

The  position  indicated  on  the  map  as  that  of  the  epicentrum 
probably  corresponds  closely  with  the  superficial  position  of  the 
centre  of  intensity  of  the  whole  seismic  focus.  The  distance  between 
the  two  fooi  may  have  been  as  much  as  two  or  three  miles,  but  Dri 
Wade's  interesting  observation  at  Boscastle  of  the  sound  being  heard 
daring  the  whole  interval  between  the  shocks  seems  to  show  that 
the  foci  were  not  completely  isolated.  If  the  shocks  were  due  to 
fiiult-slipping,^  we  may  infer,  from  the  form  of  the  disturbed  area 
and  from  the  facts  summarised  in  the  preceding  paragraphs,  that  the 
direction  of  the  fault  must  be  north  and  south.  Boscastle,  again,  is 
the  only  known  place  where  the  sound  was  heard  continuously 
between  the  two  shocks,  and,  as  mentioned  above,  the  sound-area 
may  have  overlapped  the  disturbed  area  along  its  south-east  margin. 
These  facts  seem  to  indicate,  but  not  with  certainty,  (1)  that  Bos- 
castle must  be  near  the  spot  where  the  normal  to  the  seismic  focus 
meets  the  surface  of  the  earth,  and  (2)  that  the  upper  margin  of  the 
focus  from  which  the  sound-vibrations  proceeded  lay  to  the  east  or 
south-east  of  the  epicentrum ;  i.e.  that  the  fault  must  hade  to  the 
westward.  Lastly,  if  this  conclusion  be  correct,  the  line  in  which 
the  fault  intersects  the  surface  must  pass  to  the  east  of  the  epicentrum, 
and  at  a  distance  from  it  probably  not  much  greater  than  one  or  two 
miles.* 

Summing  up  on  the  supposition  that  the  earthquake  was  fault- 
formed  :  the  first  shock  was  probably  caused  by  a  slip  within  a 
small  area  about  a  mile  north  of  the  point  marked  as  the  epicentrum  ; 
but  the  slip  continued  southward  for  about  two  miles,  though  bo 
slight  in  extent  that  only  earthquake-sounds  were  produced,  an 
interval  of  perhaps  five  or  more  seconds  being  necessary  for  the 
slipping  over  this  distance  to  take  place ;  at  the  southern  end  the 
slip  being  again  great  enough  within  a  small  area  to  produce  a 
shock  of  approximately  the  same  intensity  as  the  first. 

It  is  interesting  to  notice  the  relation  between  this  earthquake  and 
that  felt  in  East  Cornwall  on  October  7,  1889.  The  boundary  of 
the  disturbed  area  of  the  latter  is  indicated  on  the  map  by  a  dotted 
line.     Its  epicentrum  lay  about  2f  miles  S.W.  of  Altamon,  and  the 

^  There  is  no  fault  marked  in  the^^fioxvey  Map  of  the  district  with  which  the 
earthquake  can  be  connected.  ^  ' 

'  The  fact  that  no  shock  was  noticed  at  Otterham  is  in  favour  of  the  position 
aboye  assigned  to  the  fault ;  for,  if  the  earthquake  were  due  to  fault-slipping,  the 
earth -waves  in  the  rock -masses  on  either  side  oi  the  fault  would  start  in  opposite 
phases  of  vibration  and  might  possibly  interfere  to  a  very  great  extent  along  tiie  line 
^  fault.  (See  a  paper  '*  On  the  Existence  of  Undisturbed  Spots  in  Earthquake- 
shaken  Areas,"  Gbol.  Mao.  Dec.  III.  Vol.  III.  1886,  p.  167). 
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longer  axis  of  the  disturbed  area  ran  east  and  west,  i.e.  parallel  to 
the  direction  of  folding  in  the  district.  The  earthquake  of  1B89 
was  therefore  a  longitudinal  earthquake,  and  that  of  1891  a  transvene 
earthquake. 

Authorities. — The  published  accounts  of  this  earthquake  are  very 
scanty,  and  for  all  that  is  of  value  in  the  preceding  description  I  am 
indebted  to  the  kindness  of  the  following  ladies  and  gentlemen  who 
courteously  replied  to  my  inquiries  either  addressed  to  them  or  printed 
in  two  or  three  of  the  local  newspapers :  Bolverton,  Bev.  S.  G. 
Gregory;  Boscastle,  Dr.  A.  Wade  and  Mr.  J.  Brown;  Camelford, 
Mr.  E.  Rogers ;  Egloskerry,  Bev.  W.  S.  Sloane-Evans ;  Five  Lanes 
Inn,  Mr.  A.  Chapman ;  Jacobstow,  Rev.  F.  T.  Batohelor ;  Michael- 
stow,  Rev.  W.  H.  Gillett;  Otterham,  Rev.  E.  H.  Archer-Shepherd; 
Poundstock,  Mr.  J.  D.  Graf;  St.  Clether,  Rev.  F.  Partridge;  8t. 
Juliot,  Mr.  W.  H.  Sanders ;  St  Kew,  Mr.  W.  Hitchin ;  Tintagel, 
Miss  B.  F.  Cooke;  Treneglos,  Mr.  J.  C.  Chapman;  Yictoria  Inn, 
Mrs.  Greenwood ;  Warbstow,  Mr.  W.  Petherick. 

Earthquakss  in  Inverness-shire. 

For  the  following  list  of  shocks  I  am  indebted  to  the  valuable 
observations  of  Mr.  John  Grant  of  Invergarry ;  Mr.  Murdoch. 
Matheson,  who  has  removed  from  Feddan  to  Ardochy ;  and  Mr.  A. 
Campbell,  of  Loch-hourn  Head.  Ardochy  lies  on  the  north  side  of 
Loch  Garry  about  a  mile  from  its  west  end.  At  Glen  Quoich  and 
Glen  Kingie,  earthquake-shocks  are  occasionally  felt,  though  none 
has  been  observed  at  either  place  during  the  past  year  by  Mr.  D. 
Grant  and  Mr.  A.  G.  Foster,  both  of  whom  are  doing  useful  work  in 
recording  the  occurrence  of  earthquakes  felt  by  them.  It  is  worthy 
of  notice  that  all  the  six  places  here  mentioned  lie  close  to  a  line 
joining  Invergarry  and  Lochhoum  Head.  Every  one  of  the  seven- 
teen or  eighteen  shocks  mentioned  below  was  felt  by  more  than  one 
observer. 

Feb.  24  22h.  55m.,  Invergarry,  resembling  the  sound  of  a  carriage. 
„  23h.  20m.,  Loch-hourn  Head,  a  rumbling  noise  with  a 
slight  movement,  lasting  fulljr  ten  seconds.  This  shock 
may  be  the  same  as  the  preceding,  but  the  distance 
between  Invergarry  and  Loch-hourn  Head  is  23  miles, 
and  no  shock  is  recorded  about  this  time  at  either 
Ardochy,  Glen  Quoich  or  Glen  Kingie. 

Feb.  25.     Ih.  15m.,  Invergarry,  like  a  heavy  carriage  passing. 

Mar.    1.   15h.  15m.,  Ardochy,  a  shock  lasting  eight  seconds. 

„         21h.  25m.,  Ardochy,  a  stronger  shock  than  the  preceding, 
lasting  four  seconds,  and  preceded  by  a  rumbling  noise. 

Mar.    2.  22h.  15m.,  Invergarry,  like  a  heavy  carriage  passing. 

Apr.  24.  14h.  30m.,  Ardochy,  a  shock  of  intensity  IV.,  followed  by 
a  noise  resembling  thunder. 

Aug.  27.    4h.  30m.  and  6h.,  Invergarry,  like  a  heavy  carriage  passing. 

Aug.  30.  16h.  15m.,  Invergarry,  the  same. 

Nov.  16.  lOh.  25m.,  I4h.  15m.,  and  20h.   4:5m.,  Ardochy,   slight 
shocks  without  any  accompanying  noise.  ^ 
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Dea    6.     9h.  55fn.,  InTergarry,  like  a  heavy  carriage  passing. 
Dea  26.     lb.  20in.,   Loch-houm   Head,   a  very  slight  noise  and 

trembling   of    the    floor    on  Mrhich    the  observer  was 

standing. 
Deo.  28.  20h.  20m.  and  21h.  24m.,  Invergarry,  like  a  heavy  carriage 

passing. 
Deo.  30.     9h.  45m.,  Invergarry,  like  a  heavy  train  crossing  a  bridge* 

Doubtful  Earthquake. 

The  followmg  shock  is  entered  under  this  heading,  having  beea 
noticed  by  only  one  observer;  but,  judging  from  the  careful  descrip- 
tion, I  believe  there  can  be  little  doubt  as  to  its  seismic  nature. 

October  25, 1891,  about  16ft.,  Bournemouth. — A  notice  of  this  shock 
by  Mr.  Henry  Cecil  appeared  in  Nature  (vol.  44,  p.  614),  and  this, 
together  with  a  more  detailed  description  which  Mr.  Cecil  kindly 
sent  me,  is  the  source  of  the  following  account  A  dull  thud  was 
heard,  as  of  a  heavy  fall  underground,  and  instantly  afterwards  (all 
but  simultaneously  with  it)  a  single  momentary  shook  without  any 
preceding  or  following  tremor.  The  observer's  eyes  were  directed 
at  the  time  on  a  plant  resting  on  the  table  beside  him,  and,  when 
the  shock  occurred,  the  long,  pendant,  lightly-poised  leaves  of  the 
plant  were  violently  agitated,  waving  up  and  down  through  a  large 
arc  for  several  seconds.  The  movement  of  the  ground  must  have 
been  vertical,  and  Mr.  Cecil  remarks  that  his  impression  was  that 
it  was  first  upward  and  then  downward.  It  being  Sunday  afternoon, 
almost  all  traffic  was  suspended,  but,  shortly  after  the  shook,  a 
heavy  carriage  passed  along  the  adjoining  road  without  producing 
any  peroeptible  movement  in  the  plant.  Mr.  Cecil  informs  me  that 
he  has  felt  several  slight  shocks  at  Bournemouth,  and  he  believes 
that  in  the  present  case  the  sound  and  shock  were  of  seismic  origin. 


IV. — Was  the  Boulder-olat  formed  Beneath  the  Ice? 

By  G.  W.  BuLMAN,  M.A.,  B.Sc.  ; 
Corbridge-on-Tyne. 

GEOLOGICAL  opinion  is  still  divided  on  the  subject  of  the 
formation  of  the  Boulder-clay.  By  some  it  is  held  to  be  the 
sole  work  of  the  ice,  and  accumulated  beneath  it ;  by  others  it  is 
looked  upon  as  a  marine  deposit,  though  deriving  its  materials  from 
the  grinding  action  of  the  ice-sheet  or  glacier.  Some  geologists, 
again,  hold  that  the  "Till" — as  distinct  from  the  Boulder-clay — 
was  formed  beneath  the  ice,  but  that  the  latter  is  a  marine  deposit 
laid  down  in  glacial  seas. 

Neither  the  first  nor  the  third  of  these  views  can  as  yet  be  said  to 
have  received  the  stamp  of  geological  certainty,  for  it  has  not  been 
conclusively  shown  that  any  such  deposit  is  being  formed  beneath 
the  ice  at  the  present  day ;  nor  can  it  be  inferred  from  what  we 
know  of  the  properties  of  ice  in  the  form  of  glacier  or  ice-sheet  that 
such  a  deposit  ought  to  be  the  result  of  its  action. 

Thus  no  deposit  analogons  to  Boulder-clay  is  found  in  Switzerland 
dbcadb  ui>^roL>  xz« — xo.  tzz»  ^^ 
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where  the  ioe  has  retreated  within  recent  times.     With  regard  to 
this  point  Prof.  Bonney  writes  as  follows  : 

**  The  Glaciers  of  the  Swiss  and  Savoy  Alps  have  been  retreating 
for  several  years,  hence,  if  anything  like-  ground  moraine  existed, 
this  would  be  a  very  favourable  time  for  observing  it.  In  no  case 
have  I  been  able  to  find  signs  of  any  deposit  resembling  Till  or 
Boulder-clay  ;  the  detrital  matter  which  is  scattered,  generally 
sparsely,  over  the  slope  left  bare  by  the  retreating  glacier  has 
fallen  from  its  surface,  like  ordinary  terminal  moraine.  Further, 
by  availing  myself  of  crevasses,  etc.,  I  have  made  my  way  occasion- 
ally for  some  little  distance  beneath  the  ice.  Nothing  has  been  seen 
but  bare  rock,  with  now  and  then  a  film  of  mud  or  a  passing  stone. 
In  short,  the  result  of  an  experience  of  some  years  has  convinced 
me,  that  if  anything  like  the  Till  or  Ground  Moraine  of  recent 
glacialists  exists  in  the  Alps,  it  is  a  very  local  and  exceptional 
phenomenon."  ^ 

And  so  we  find  a  tendency  among  those  who  believe  the  Boulder- 
day  was  accumulated  beneath  the  ice,  to  push  back  the  question  of 
its  origin  from  the  comparatively  known  regions  of  Alpine  glaciers 
to  the  unknown  sub-glacial  area  of  Central  Greenland. 

Thus  Sir  A.  Geikie  refers  to  what  must  be  taking  place  beneath 
a  vast  continental  ice-sheet : 

(1)  '*In  such  comparatively  small  and  narrow  ice-sheets  as  the 
present  glaciers  of  Switzerland,  the  rock  bottom  on  which  the  ice 
moves  is  usually,  as  far  as  can  be  examined,  swept  clean  by  the 
trickle  or  rush  of  water  over  it  from  the  melting  ice.  But  when 
the  ice  does  not  flow  in  a  mere  big  drain  (which  after  all,  the 
largest  Alpine  valley  really  is),  but  overspreads  a  wide  area  of 
uneven  ground,  there  cannot  fail  to  be  a  great  accumulation  of 
rubbish  here  and  there  underneath  it.  The  sheet  of  ice  that  once 
filled  the  broad  central  plain  of  Switzerland  between  the  Alps  and 
the  Jura  certainly  pushed  a  vast  deal  of  mud,  sand,  and  stones  over 
the  floor  of  the  valley.  The  material  is  known  to  Swiss  geologists 
as  the  Moraine  profonde  or  Grundmorane  (= Boulder-clay,  Till,  or 
bottom-moraine)  "  (Text-Book  of  Geology,  p.  411). 

(2)  '*  We  know  as  yet  very  little  regarding  its  (the  Grundmorane) 
formation  in  Greenland.  Most  of  our  knowledge  regarding  it  is 
derived  from  a  study  of  the  Till  or  Boulder-clay  in  more  southern 
latitudes,  which  is  believed  to  represent  the  bottom  moraine  of  an 
ancient  ice-sheet  {ibid,  p.  417), 

The  weakness  of  the  argument  is  further  illustrated  by  the 
following  passage  from  the  Physical  Geology  of  Prof.  Qreen,  in 
which  I  have  italicised  certain  parts  : 

**We  have  already  seen  that  under  such  a  sheet  [continental 
ice-sheet]  there  is  probably  formed  an  accumulation  of  clay  and 
stones  known  as  Moraine  profonde  or  Grund-morane,  and  Till 
resembles  exactly  what  we  picture  to  ourselves  that  this  deposit  must 
be  like.  There  would  be  weight  enough  to  give  rise  to  the  intense 
toughness  and  the  close  and  irregular  packing  of  the  stones,  and  the 

*  Gbol.  Mao.  Vol.  XIII.  p.  197. 
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doratching  and  polishing  would  be  produoed  as  the  mass  was  moved 
hither  and  thither  by  the  flow  of  the  ice 

llioogh  the  existence  of  the  Moraine  profonde  is  to  a  certain 
exieut  hypothetical^  the  probability  that  such  an  accumulation  is 
formed  beneath  large  ice-sheets  is  so  great,  and  its  character,  if  it 
exitts,  must  be  so  exactly  that  of  Till,  that  nearly  all  geologists  are 
now  i^reed  to  look  upon  the  latter  as  having  been  formed  by  the 
grinding  and  wearing  away  by  an  ice-sheet  of  the  ground  on  which 
it  rested  "  (p.  264). 

But  as  far  as  evidence  from  Greenland  is  available  it  throws  as 
little  light  on  the  origin  of  Boulder-clay  as  the  Swiss  valleys.  Thus 
Nordenskiold  describes  an  area  lately  left  by  the  ice  as  containing  no 
moraines,  and  in  his  description  makes  no  mention  of  Boulder- 
elay:  "We  passed^  in  fact,  over  ground  that  had  but  lately  been 

abandoned   by  the  inland  ice Everywhere  occur  rounded, 

but  seldom  scratched,  hills  of  gneiss  with  erratic  blocks  in  the  most 
unstable  positions  of  equilibrium,  separated  by  valleys  with  small 
mountain-lakes  and  scratched  rock  surfaces.  On  the  other  hand,  no 
real  moraines  were  discoverable.  These,  indeed,  seem  to  be  commonly 
absent  in  Scandinavia ;  and  are,  generally  speaking,  more  charac- 
teristio  of  small  glaciers  than  of  reed  Inland  Ice  "  (Arctic  Voyages, 
Macmillan,  1879,  pp.  169,  170). 

And  further,  in  describing  the  clay -beds  of  Greenland,  Nordenskiold 
speaks  of  them  as  formed  outside  the  ice-sheet: 

"  The  material  of  the  clay-beds  has  evidently  been  deposited  by 
the  glacier  rivers  whose  muddy  water  everywhere  burst  out  from 
under  the  inland  ice,  but  in  general  the  deposits  are  sea  formations, 
t.6.  they  have  been  deposited  under  the  level  of  the  sea "  (Gsol. 
Mao.  Vol.  IX.  p.  410). 

And  no  deposit  resembling;:  Boulder-clay  is  described  by  him  as 
ooourring  on  that  strip  of  Western  Greenland  not  covered  by  the 
ioe-sheet  at  present. 

Similar  remarks  may  be  made  with  regard  to  those  areas  in 
America  where  a  retreat  of  the  ioe  permits  an  examination  of  the 
ground  recently  occupied  by  it.  In  the  American  Journal  of  Science, 
March,  1892,  for  example,  is  an  interesting  description  of  Mount 
St.  Eiias  and  its  Glaciers.  Where  the  ice  has  retreated  glaciated 
surfaces  are  seen,  but  no  Boulder-clay.  Spread  out,  however,  over 
the  whole  area  between  the  ice  and  the  sea  is  a  mass  of  stony 
moranio  matter.  Streams  from  the  glaciers  carry  the  finely-ground 
rock  matter  into  the  sea. 

The  probability  or  otherwise  of  the  Boulder- clay  having  been 
formed  beneath  the  ice  may  be  further  considered  in  the  light  of 
what  we  know  of  the  physics  of  glacier  action.  To  meet  the 
requirements  of  the  geologist,  the  ice,  in  the  form  of  gleicier  or 
ice-sheet,  must  accomplish — and  apparently  does  accomplish — a 
variety  of  seemingly  incompatible  actions.  It  must  clear  the  ground 
of  superficial  accumulations  and  grind  and  polish  the  rock  below, 
while  at  the  same  time  it  must  glide  over  loose  deposits  of  clay  and 
stones  without  disturbing  them ;  it  must  round  and  ^lish  obrt&VQ. 
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stones  while  carrying  others  for  long  distances  without  taking  off 
their  sharp  ed^es ;  it  must  bold  firmly  embedded  in  its  lower  surface 
stoues  with  which  to  striate  and  groove  the  rocks  below,  while  at 
the  same  time  it  leaves  a  large  number  behind  to  form  the  moraine 
profonde. 

And  when  we  turn  to  the  glaciers  themselves  we  see  them  aooom- 
plishing  a  series  of  actions  as  apparently  incompatible.  For  while  the 
ice  flows  along  its  bed  more  or  less  like  a  river,  it  yet  polishes  and 
striates  the  rocks  below,  apparently  by  holding  stones  firmly  grasped 
in  its  lower  part ;  and  while  grinding  down  the  rocks  over  which  it 
passes  to  the  finest  powder,  it  has  yet  been  observed  to  rise  gently 
over  loose  deposits  of  clay  and  stones  without  disturbing  them ;  at 
times  it  allows  stones  to  sink  into  it,  so  that  its  surface  moraines 
disappear,  while  at  other  times  it  works  up  the  stones  from  below 
to  the  surface,  and  they  appear  again. 

While  the  anomalies  of  Glacial  action  are  so  great  it  would  be 
rash  to  assert  that  Boulder-clay  cannot  be  formed  beneath  the  ioe, 
but  the  great  fact  of  constantly  running  sub-glacial  streams  renders 
it  improbable.  These  streams  laden  with  fine  rock-flour  issue  from 
the  termination  of  glacier  and  ice-sheet  summer  and  winter.  How 
far  such  streams  ascend  the  glacial  valleys  it  is  difficult  to  say. 
Probably  they  extend  at  least  as  far  as  the  point  where  the  neve 
gives  place  to  the  ice-river.  Such  a  conclusion,  at  least,  seems  to 
follow  from  certain  considerations  as  to  the  probable  temperature 
beneath  a  considerable  sheet  of  ice  or  snow. 

Ice  and  snow  are  bad  conductors  of  heat,  and  hence  the  lower 
surface  of  a  thick  ice-sheet  will  tend  to  take  the  temperature  due  to 
the  surf«w5e  of  the  earth — say,  about  50°  F.  The  pi'essure,  moreover, 
of  the  superincumbent  ice  will  tend  to  liquify  the  lower  portion. 
Such  streams  running  beneath  the  entire  extent  of  the  glacier 
proper  would  readily  account  for  the  number  of  rounded  stones 
found  in  the  Boulder-clay,  as  well  as  for  intercalations  of  sand  and 
gravel ;  but  do  not  permit  the  supposition  of  a  sufficient  quantity  of 
rock-fiour  being  left  behind  to  form  more  than  such  fragmentary 
fringes  and  patches  as  a  river  leaves  along  its  course.  The  greater 
part  of  this  finely  ground  rock  matter  will  be  carried  beyond  the 
limit  of  the  ice,  and  if  the  glacial  streams  spread  out  over  level 
plains  deposits  of  clay  of  considerable  extent  might  be  formed  on 
land.  Most  of  this  sediment,  however,  will  be  laid  down  in  water. 
If  we  study  the  distribution  of  glacial  mud  in  Switzerland  at  the 
present  day  we  find  it  is  mostly  laid  down  in  lakes.  Many  of  its 
glacial  mud-laden  streams  fall  into  lakes  from  which  they  emerge 
clear  and  pure,  having  deposited  their  sediment  therein.  Thus  the 
Bliine  flows  into  Lake  Constance  and  the  Unter  Sea,  the  Rhone 
into  the  Lake  of  Geneva,  the  Aar  into  the  Lakes  of  Brienz  and  of 
Thun,  the  Ticino  into  Lake  Maggiore,  the  Keuss  into  the  Lake  of 
Lucerne. 

This  fine  sediment  would  provide  the  clay,  and  if  boulders  could  at 
times  be  carried  in,  the  conditions  for  the  formation  of  boulder-clay 
would  be  present  in  these  Swiss  lakes  to-day.     And,  whatever  may 
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be  the  case  now^  when  the  ioe  extended  farther  and  reaohed  the 
lakes,  small  bergs  would  be  frequently  detached,  and  melting,  allow 
their  burden  of  stones  to  sink  to  the  bottom  of  the  lake  amid  the 
olay  there  aocumulating. 

Prof.  Nordenskiold,  again,  has  described  how  a  similar  deposit  is 
being  formed  in  Greenland  at  the  present  day. 

'*  At  the  foot  of  the  glacier,"  be  writes,  "  we  often  find,  as  in 
fig.  2,  ponds  or  lakes  in  which  is  deposited  a  fresh-water  glacial-clay, 
containing  angular  blocks  of  stone,  scattered  around  by  small 
icebergs"  (Arctic  Voyages,  pp.  170,  171,  Macmillan,  1879). 

But  it  is  when  we  turn  to  the  sea  that  we  find  the  most 
promising  method  of  accounting  for  the  origin  of  Boulder-clay  in 
general.  For  it  seems  obvious  that  deposits  analogous  to  Boulder- 
clay  must  be  accumulating  on  a  large  scale  in  the  seas  off  the  coasts 
of  Greenland  and  other  arctic  lands.  Sub-glacial  rivers,  laden  with 
the  finer  products  of  glaciation,  are  discharging  themselves  into  the 
sea  throughout  the  year.  Icebergs,  also,  are  constantly  being  formed 
and  floated  away  with  their  loads  of  debris.  Part  oi  this  debris  no 
doubt  will  be  deposited  only  when  the  bergs  melt  in  more  southern 
latitudes ;  but  a  part  will  also  be  laid  down  near  the  ooast  and 
among  the  finer  sediment  by  the  overturning  of  the  bergs,  which 
not  unfrequently  happens.  And  it  is,  perhaps,  worthy  of  note  that 
large  quantities  of  glaciated  stones  may  be  carried  by  such  bergs 
and  deposited  amid  accumulations  of  clay  taking  place  in  latitudes 
far  south  of  the  limits  of  glaciation.  A  clay  full  of  glaciated  stones 
may  thus  not  necessarily  imply  the  glaciation  of  the  latitude  where 
it  occurs. 

The  opinion  that  the  Boulder-clay  was  thus  formed  in  the  sea  has 
been  expressed  by  eminent  geologists.  Thus  Sir  J.  W.  Dawson  in 
his  **  Handbook  of  Geology  for  Canadian  Students,"  expresses  his 
opinion  thus: 

(1)  "Under  these  circumstances  moraines  were  formed  on  the 
land,  and  sheets  of  stony  clay  with  boulders  in  the  sea,  forming 
what  has  been  termed  the  Boulder-clay  or  "Till"  (p.  114). 

(2)  "  That  this  Boulder-clay  is  a  sub-marine  and  not  a  sub-aerial 
deposit,  seems  to  be  rendered  probable  by  the  circumstance,  that 
many  of  the  boulders  of  the  native  sandstone  are  so  soft  that  they 
crumble  immediately  when  exposed  to  the  weather  and  frost" 
(p.  154). 

And  Prof.  Boyd-Dawkins  writes :  "  The  hypothesis that 

the  Boulder-clays  have  been  formed  on  land  is  open  to  the  objection 
that  no  similar  clays  have  been  proved  to  have  been  so  formed, 
either  in  the  Arctic  regions,  where  the  ice-sheet  has  retreated,  or  in 
the  districts  forsaken  by  the  glaciers  in  the  Alps  or  Pyrenees,  or  in 
any  other  mountain-chain.  Similar  deposits,  however,  have  been 
met  with  in  Davis  Strait  and  in  the  North  Atlantic,  which  have 
been  formed  by  melting  icebergs ;  and  we  may  therefore  conclude 
that  the  Boulder-days  have  had  a  like  origin "  ("  Early  Man  in 
Britain,"  pp.  116,  117). 

The  chief  difiSculty  iu  the  way  of  this  marine  origin  of  the  Boulder- 
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clay  is  perhaps  the  absence  of  lamination,  so  cbaract^ristic  of  deposits 
in  water.  But  a  consideration  of  the  facts  of  the  case  suggests  a 
possible  explanation.  The  two  general  canses  of  original  lamioation 
— indeed  I  am  not  acquainted  with  any  other — are  the  intermittent 
supply  of  sediment,  and  the  presence  of  flat  plates  of  mica.  Both 
of  these  are  probably  absent  in  the  case  of  the  deposit  in  question. 
The  ice  provides  a  continuous  supply  of  rock  flour,  and  rivers  laden 
with  it  flow  from  the  glacier  and  ice-sheet  all  the  year  through; 
and  it  permits  the  existence  of  no  large  flat  plates  of  mica. 

The  general  conclusion,  then,  to  be  derived  from  a  study  of  glacial 
action  seems  to  be  that  while  the  greater  part  of  the  rock-floor 
which  goes  to  form  the  clay  is  carried  beyond  the  limits  of  the  ice 
and  laid  down  in  lakes,  the  sea,  or  on  land,  fringes  and  patches  of 
the  same  may  be  left  behind  in  the  valleys  occupied  by  the  glacier 
or  ice- sheet 

V. — Glacial  Gkology  :  Old  amd  Nbw. 

By  T.  Mbllard  Rbadb,  C.E.,  F.G.S.,  F.R.I.B.A. 

Historical  and  Personal. 

OYER  twenty  years  ago  I  commenced  the  study  of  the  glacial 
deposits  of  the  neighbourhood  of  Liverpool,  and  as  the  observa- 
tions grew  they  came  to  embrace  a  considerable  share  of  the  drainage- 
basin  of  the  Irish  Sea. 

I  have  personally  inspected  and  kept  full  records  of  all  of  the 
important  artificial  excavations  likely  to  throw  light  upon  the  sub- 
ject, in  addition  to  examining  and  making  sections  of  the  natural 
exposures  of  glacial  drift  which  abound  on  the  north-west  coast  of 
England,  the  coast  of  Wales,  and  in  the  river  valleys  draining  into 
the  Irish  Sea,  and  to  a  lesser  extent  the  drift  on  the  east-coast  of 
Ireland  and  the  south  of  Scotland.  These  observations,  together 
with  others  in  districts  outside  the  special  area  of  my  work,  have 
been  communicated  to  various  Societies  and  Magazines.^ 

This  being  my  record,  and  glacial  geology  having  during  my 
time  gone  through  several  phases,  it  may  perhaps  interest  some  of 
the  readers  of  the  Geological  Magazink  if  I  give  a  resumi  of  the 
views  I  have  been  gradually  led  to  adopt. 

»  Proc.  of  Liverpool  Geol.  Soc.  1872-73,  pp.  31,  32,  pp.  42-66 ;  1873-74, 
pp.  60-72.  Q.J.G.S.  vol.  XXX.  p.  27-41,  1874.  Proc.  of  Liverpool  Oeol.  See. 
vol.  iii.  pt.  1,  pp.  19-27,  1876.  Geol.  Mao.  Dec.  II.  Vol.  III.  p.  480,  1876. 
Proc.  of  Liverpool  Geol.  Soc.  vol.  iii.  pt.  3,  pp.  241-43,  1877.  Gbol.  Mao.  Deo. 
II.  Vol.  IV.  pp.  38,  39,  1877.  Q  J.G.S.  vol.  xxxiv.  pp.  808-810,  1878;  vol.  ixr. 
pp.  679-681,  1879.  Proc.  of  Liverpool  Geol.  Soc.  vol.  iv.  pt.  1,  pp.  64-89,  1879; 
vol.  iv.  pt.  2,  pp.  139-163,  1880;  vol.  iv.  pt.  3,  pp.  216-233,  1881.  Q  J.G.S. 
vol.  xxxviii.  pp.  222-238,  1882.  Trans.  Geol.  Soc.  Glasgow,  vol.  vi.  pt.  2,  pp.  264- 
27G,  1882.  Proc.  of  liverpool  Geol.  Soc.  vol.  iv.  pt.  6,  pp.  364-380,  1883.  Q.J.G.S. 
vol.  xxxix.  pp.  83-132,  1883.  Trans,  of  Liverpool  Geol.  Asso.  vol.  iii.  pp.  93-101, 
1883.  Q.J.G.S.  vol.  xl.  pp.  267-269;  vol.  xl.  pp.  270-272,  1884.  Proc.  of 
Liverpool  Geol.  Soc.  vol.  v.  pt.  1,  pp.  74-83,  1885.  Q.J.G.S.  vol.  xli.  pp.  102- 
107 ;  vol.  xli.  pp.  454-466,  1885.  Proc.  of  Liverpool  Geol.  Soc.  vol.  v.  pt.  4, 
pp.  377-379,  1888.  Nature,  vol.  xl.  p.  246,  1889.  Proc.  Liverpool  GeoL  Soc. 
vol.  vi.  pt.  2,  p.  188,  1890;  vol.  vi.  pt.  3,  pp.  316-321,  and  pp.  333-4,  189L 
Gbol.  Mao.  Vol.  Vlll.  Dec.  111.  p.  291,  1891.    Proc.  Gepl.  Soc  1892. 
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On  oommeBcing  the  inquiry  I  had  no  idea  whither  my  observa- 
)n8  would  lead  me,  and  had  no  prepossessions.  I  quickly  found,- 
me^ety  that  I  came  into  collision  with  one  of  the  prevailing  views 
'1  bad  almost  said  dogmas— ^f  the  day. 

The  drift  of  the  north-west  of  England  had  been  arranged  in 
tripartite  series  consisting  of,  in  ascending  order.  Lower  Boulder 
lay.  Middle  or  Interglaoial  Sands  and  Gravels,  and  Upper  Boulder- 
ay.  My  observations  led  me  to  believe  that  there  were  no  suf- 
cient  grounds  for  such  a  geological  division,  and  that  the  whole  of 
le  drift  deposits  were  one  glacial  series  from  top  to  bottom.  This 
lew  18  now  the  one  generally  adopted,  and  also  as  I  understand 
y  the  new  school  of  glacialists  who  ascribe  these  deposits  to  the 
loughing  up  of  the  Irish-Sea  bottom  by  land  ice.  And  this  brings 
>  my  mind  the  fact  that  there  has  been  a  concurrent  change  of 
osition  on  the  part  of  the  land-ice  glacialists,  for  the  old  school 
elieved  in  the  occurrence  of  several  interglaoial  periods  and  thought 
liey  could  read  the  reoord  of  them  in  the  deposits. 

Until  lately  the  preponderance  of  opinion  among  geologists  who 
lave  studied  the  subject  in  the  field  was  that  the  glacial  deposits  of 
he  north-west  of  England  were  sea-bottom  in  situ  and  that  the 
ligh-level  sands  and  gravels  indicated  a  submergence  of  the  land 
n  glacial  times  to  at  least  1400  feet. 

The  late  Mr.  Belt  struck  a  new  note  when  he  boldly  declared  his 
>elief  that  the  high-level  drift  of  Moel  Tryfaen,  in  Carnarvonshire, 
lad  been  pushed  up  into  its  present  position  by  a  sheet  of  land-ice 
raversing  the  Irish  Sea.^  Mr.  Belt  was  listened  to  by  few  at  the 
ime,  but  in  the  whirligig  of  time  he  is  now  having  ample  revenge. 

The  late  Professor  Carviil  Lewis,  fresh  from  his  experiences  in 
America,  revived  this  idea  of  Belt's  in  a  modified  form,  and  he  also 
net  with  much  opposition.  Since  his  death  the  idea  has  fructified, 
ind  we  now  have  an  energetic  band  of  geologists  who  are  bent  on 
lothing  less  than  raising  what  was  considered  at  first  to  be  a  "  wild 
dea  "  into  a  geological  dogma. 

Whether  there  has  been  justification  for  this  veering  round  of 
^ological  opinion  it  will  be  our  object  presently  to  inquire.  In  the 
neantime  it  is  sufficient  to  suggest  that  it  is  not  the  province  of 
geological  enquiry  to  search  out  facts  with  the  object  consciously 
)r  unconsciously  of  running  a  theory,  yet  this  is  one  of  the  many 
)itfalls  against  which  geological  reasoners  have  to  be  constantly  on 
heir  guard. 

The  Glacial  Drift  of  the  Irish-Sea  Basin  and  its  System  of 

Distribution. 

Low* Level  Boulder- clay  and  Sands. 
The  whole  of  the  plains  of  Lancashire  and  Cheshire  are,  with 
he  exception  of  local  patches,  covered  with  a  mantle  of  Boulder- 
slay  and  sands  of  varying  thickness,  from  a  few  feet  in  the  more 
exposed  localities  to  160  feet  in  the  deeper  river  channels.  Both 
he  clay  and  sands  generally  contain  remains  of  mollusca  in  a  more 
•r  less  fragmentary  condition. 

>  Nature,  toI.  x.  pp.  25,  26,  I87i» 
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The  Bonlder-olay  is  usually  of  a  brown  colour,  sometimes  nnotoon, 
and  contains  boulders  and  fragments  of  Northern  rocks  from  the 
maximum  of  over  20  tons  down  to  the  finest  gravel.  The  boulden 
art)  to  the  extent  of  fully  50  per  cent,  either  planed  or  striated  or 
both,  and  sometimes  on  several  faces.  They  are  often  oonsidenbly 
rounded  and  the  finer  gravel  to  be  obtained  by  washing  the  clay  is 
extremely  waterwom.  The  sand,  if  separated  from  its  clayey 
matrix,  is  much  rounded,  some  of  the  grains  being  extremdy 
polished. 

The  proportion  of  sand  in  the  clay  is  much  greater  than  would 
at  first  be  thought,  varying  from  20  to  60  per  cent.  There  is  no 
geological  difference  between  the  Sands  and  the  Boulder-dajs, 
gradations  from  the  one  to  the  other  can  be  met  with  though  often 
they  come  together  in  sharp  juxtaposition.  If  we  trace  these  drift 
deposits  up  the  valleys  from  the  sea  to  the  source  of  the  riven 
flowing  in  them,  we  find  that  the  nature  of  the  matrix  of  the  drift 
lying  in  them  is  largely  dependent  upon  the  nature  of  the  rocks  the 
rivers  traverse,*  that  is  to  say,  the  sandy  and  gravelly  drift  increases 
when  the  rivers  above  them  flow  through  sandstones  and  rocky 
ground  as  in  the  Dee  above  Chester,  and  the  Mersey  and  Irwell  ia 
the  neighbourhood  of  Manchester,  while  the  rivers  flowing  over  the 
New  Ked  Marl  have  brought  down  an  unctuous  clay  like  that 
deposited  by  the  Weaver  in  the  Buried  Valley  of  the  Mersey  at 
Widnes.  Thus,  while  the  contained  stones  have  come  from  the 
northward,  with  the  possible  exception  of  some  sandstones  and 
gypsum  of  the  New  Red  Marl,  the  matrix  consisting  of  clay  and 
sand  has  to  the  larger  extent  come  down  the  river  valleys. 

If  we  extend  our  observations  further  south  into  Shropshire  we 
find  a  still  greater  development  of  sands.  The  drift  by  the  Severn 
at  Shrewsbury  is  nearly  all  red  sand,  the  waterwashed  ddbris  of  the 
New  Red  rocks.  The  erratics  are  still  plentifully  strewed  about  the 
county,  and  the  well-known  Eskdale  granite  and  the  grey  granite 
of  the  south  of  Scotland,  toj^ether  with  the  andesitic  rocks  and 
volcanic  ashes  from  the  English  Lake  district  are  distinguishable. 
It  is  also  a  fact  worth  noting  that  on  the  plain  of  New  Red  Marl  in 
Cheshire  the  drift  sands  and  gravels  ai-e  more  developed  than  the 
Boulder-clay ;  often  they  lie  directly  upon  the  marl  without  the 
intervention  of  any  Boulder-clay.  I  have  observed  this  also  in 
Shropshire. 

High-Level  Sands  and  Gravels. 

At  Moel  Tryfaen,  Carnarvonshire ;  at  several  places  in  Flintshire 
(Moel-y-Crio  among  them) ;  between  Minera  and  Llangollen,  Denbigh- 
shire ;  at  Gloppa,  near  Oswestry ;  at  the  Setter's  Dog,  near  Maccles- 
field, and  the  Three-Rock  Mountain,  near  Dublin,  sands  and  gravels 
are  found  varying  from  about  1000  to  1400  feet  above  the  sea-leveL 
These  sands  and  gravels  contain  shells  of  moUusca,  speaking  generally, 
of  a  similar  fades  to  those  fragments  found  in  the  Low-level  Boulder- 
clay  and  sands.  More  perfect  specimens  have  been  found  at  these 
high  levels,  especially  at  Gloppa,  by  Mr.  Nicholson,  F.Q.S.,  than 
^  Quart.  Joom.  Geol.  Soc  toI.  xxxix.  pp.  83-132. 
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nre  generally  met  with  in  the  Drift  of  the  plains.  Drift  with  shells 
is  met  with  at  various  plaoes  at  levels  intermediate  between  the 
Low-level  Boalder-claj  and  sands  and  the  High-level  sands  and 
Kravels.  This  Drift  is  usually  laminated  and  current-bedded.  At 
Moel  Tryfaen,  where  I  devoted  a  good  deal  of  study  to  the  Drift, 
there  is  a  much  greater  preponderance  of  erratic  stones,  such  as  Lake 
District  rocks  and  Scotch  g^nites,  flints  supposed  to  come  from 
Antrim,  with  an  admixture  of  Carboniferous  limestone  which  may 
be  from  Anglesey,  and  true  Anglesey  crystalline  schists,  than  is  con- 
tained in  the  Drift  of  the  coastal  plain  which  reaches  from  sea  level 
up  to  the  400  feet  contour.  It  is  rather  a  remarkable  fact  that 
in  this  high-level  Drift  I  found  a  piece  of  Sbap  Fells  rock  in  the 
form  of  a  rounded  pebble  identified  by  Mr.  Alfred  Barker,  F.O.S., 
as  from  one  of  the  numerous  offshoots  of  the  granite  mass  of  Shap 
Fells.  I  mention  this  specially  because  during  the  whole  time  I 
have  been  observing  I  have  never  met  with  any  Shap  Fells  granite 
en  this  side  of  the  Pennine  Chain,  either  in  Lancashire,  Cheshire,  or 
North  Wales. 

The  High-level  sands  and  gravels  of  Tryfaen  are  overlaid  on  the 
eastern  side  of  the  excavations  with  a  stony  Till,  evidently  of  local 
derivation,  and  containing  nearly  all  local  rocks.  In  one  place  a 
laminated  bed  of  the  sands  inosculated  with  the  Till,  which  also 
contained  pockets  of  the  sand.  This  is  a  very  striking  feature  which 
has  only  been  developed  of  late  by  the  progress  of  the  excavations. 
The  stones  contained  in  the  sands  and  gravels  are  much  waterworn, 
and  there  is  a  very  much  smaller  proportion  of  them  striated  than 
what  we  find  in  the  Low-level  Boulder-clay.  The  grains  of  sand  are 
also  much  rounded,  waterworn,  and  polished.  The  Till  also  contains 
a  proportion  of  these  highly  polished  grains,  and  I  found  on  washing 
some  of  the  locally  formed  Till  lying  at  a  level  of  800  feet  above 
the  sea,  between  The  Rivals  and  Mynydd  Carnguwoh,  that  this  also 
contained  highly  worn  and  polished  quartz  grains. 

Drift  of  the  Coastal  Plain  adjoining  Tryfaen. 

The  Drift  of  the  coastal  plain  adjoining  Tryfaen  is  well  exposed 
in  coast  sections,  and  consists  more  largely  of  material  from  the 
Snowdonian  Range,  both  as  regards  boulders  and  the  matrix,  which 
is  largely  made  up  of  the  debris  of  slate  rock  and  small  slate  flakes. 
An  arched  stratification  is  seen  in  some  of  the  sections.  The  Till 
can  be  examined  in  numerous  sections  cut  by  the  streams  through 
the  coastal  plain,  and  a  strict  search  almost  everywhere  yielded 
pebbles  of  Eskdale  and  other  erratic  granites,  but  seldom  any 
fragments  that  could  be  described  as  **  boulders." 

Mechanical  analyses  of  twenty  samples  of  the  Till  from  various 
localities,  with  one  exception,  yielded  the  rounded  and  polished 
quartz  grains.  In  some  cases  I  found  small  shell  fragments,  and 
ample  evidence  was  accumulated  that  the  drift  of  the  coastal  plain 
Was  an  intimate  mixture  of  the  debris  of  the  Snowdonian  rocks  and 
erratic  material  from  the  North,  and  in  some  cases  from  Anglesey. 

Tracing  the  coast  sections  south-westwardly»  they  gradually  put 
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on  a  wore  distinctively  marine  character,  until  at  Nevin  they 
the  ordinary  form  of  stratified  drift-sands  with  shell  fragmenti^ 

Significance  of  the  polished  quartz  grains. 

It  will  be  necessary  to  turn  aside  here  to  point  out  the  tiIim 
I  attach  to  the  discovery  of  the  prevalence  of  rounded  quarts  nnd 
in  the  Till.  I  have  been  making  a  very  exhaustive  examinadoa  of 
sands  from  various  parts  of  the  world,  and  I  find  that  oontiarj  to 
received  ideas  marine  sands  are,  on  the  whole,  much  more  itHmded 
than  river  sands.  Indeed,  river  sands  are  generally  little  rounded, 
and,  excepting  in  a  river  like  the  Amazon,  I  can  find  do  parslld  to 
the  rounding  of  the  grains  of  sand  now  dredged  from  the  Irish  Sea. 
Blown-sand  of  sand-dunes  is  not  distinguishably  more  worn  tbtn 
the  sand  of  the  shore  from  which  it  is  derived.  When  we  find 
these  highly-polished  grains  mixed  up  with  angular  and  little  worn 
fragments  of  Snowdonian  rocks  forming  the  bulk  of  the  Till  of 
the  coastal  plain,  it  is  evident  that  they  are  of  sea  origin,  and  servo 
as  certainly  as  the  fragmentary  shells  of  Molluscs  to  declare  thii 
fact.  I  consider  this  an  important  discover}',  which  may,  taking 
surrounding  conditions  into  consideration,  help  to  settle  many  dis* 
putes  as  to  the  marine  or  freshwater  origin  of  certain  deposits.  In 
the  present  case,  of  course,  the  rounded  grains  can  tell  us  no  more 
of  how  they  got  to  the  high-levels  than  the  shells  of  the  Molluscs, 
but  more  of  this  presently. 

Distinction  between  the  Marine  Drift  of  the  Plains  and  Mouniain  Dr^ 

Where  the  Marine  Drift  of  the  plains  approaches  a  monntainoas 
district,  and  the  base  can  be  seen,  it  usually  lies  upon  a  TUl  made 
up  almost  wholly  of  local  materials  derived  from  the  mountains. 
In  some  cases  the  Marine  Drift  is  absent  At  various  points  along 
the  coast  of  Merionethshire,  and  in  Mid-Wales,  the  local  Till  is 
prominently  displayed  in  coast  sections,  but  where  a  large  estuary 
valley  opens  out  on  to  the  coast,  and  sections  display  the  nature  of 
the  Drift,  we  find,  as  in  the  neighbourhood  of  Towyn,  distinctly 
Marine  Drift  in  some  places,  and  a  mixture  of  Mountain  and  Marine 
Drift  in  others.  The  stony  Till  clings  to  the  mountain  sides,  the 
Marine  Drift  comes  in  more  strongly  as  it  is  distant  from  the 
mountains.  This  is  a  rule  to  which,  personally,  I  have  seen  uo 
exceptions. 

Theories  of  Origin. 

Most  of  the  details  upon  which  the  preceding  sketch  is  founded) 
with  the  exception  of  those  relating  to  the  North  and  Mid- Wales 
coast,  have  been  published.  It  is  very  necessary  that  details  should 
be  published,  but  the  Drift  is  so  complicated  that  it  is  very  difficult, 
if  not  impossible,  to  describe  it  geologically  in  the  sense  that  other 
formations,  both  older  and  younger,  can  be  described.  It  is  this 
that  has  beset  the  path  of  most  glacialists,  and  the  attempts  to 
reduce  the  Drift  deposits  to  geological  order  and  system  have  beea 
^  the  fmitfal  source  of  many  failures. 
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So  far  as  tbe  Drift  in  the  distriGts  desoribed  in  these  pages  is 
moemed,  I  long  ago  arrived  at  the  opinion  that  no  good  oould  be 
)t  oat  of  it — that  is,  no  intelligible  story — until  we  reoognised  it 
I  one  aeries  of  glaoial  deposits.  On  this  principle,  with  the  facts 
Iready  stated  before  us,  I  propose  to  discuss  the  two  opposing 
leories  of  tbe  Glacial  Drift,  namely,  the  land-ioe  and  the  glacio- 
larine  or  Bubmergenoe  theory. 

Tke  Land'Ice  Theory. 

The  present  form  of  this  theory  postulates  that  during  the  period 
rhen  the  Drift,  as  we  see  it  now,  was  formed,  the  relative  levels  of 
he  sea  and  land  were  the  same  as  now,  and  that  a  great  ice-sheet 
4vancing  from  the  North  over  the  Irish-Sea  bottom  ploughed  out 
he  deposits,  re-arranged  them,  and  pushing  them  before  it,  or 
onveymg  the  materials  frozen  in  the  bottom  of  the  ice,  spread 
hem  over  the  lowland  plains,  and  even  pushed  the  sands  and 
pravels  with  shells  up  to  the  high  levels  in  the  instances  already 
lamed.  To  tbe  obvious  objection  that  the  Drift  bears  indisputable 
igns  of  aqueous  deposition,  it  is  answered  that  the  current-bedded 
ands  and  gpravels  are  due  to  the  washing  from  the  melting  of  the  ice 
it  the  termination  of  and  underneath  the  Mer-de-glace. 

Physical  conditions  involved. 

Before  describing  what  the  deposits  themselves  have  to  say  to 
his  theory,  let  us  picture  to  ourselves  what  it  as  a  matter  of  physics 
nvolves.  The  gathering  ground  of  such  a  glacier  oould  at  first 
)Dly  be  the  land  area  which,  by  the  terms  of  the  postulate,  was  the 
lame  as  now.  A  glance  at  the  Map  of  the  British  Isles  is  sufficient 
o  show  that  the  snow-field  could  not  have  been  above  double  the 
irea  of  tbe  sea  it  had  to  displace.  The  ice-front  advancing  over  the 
Irish  Sea  would  have  had  an  average  length  of  one  hundred  miles, 
fhe  waste  by  melting  would  have  been  enormous,  so  that  an 
ntensity  of  glacial  conditions  far  in  excess  of  those  of  Greenland  of 
he  present  day  would  have  to  be  granted. 

Prohahle  Effect  on  the  Sea  Bottom. 

If,  however,  for  the  sake  of  discussing  the  question,  we  grant 
)oth  the  necessary  conditions  and  their  result,  the  ice-sheet,  what 
vould  be  the  probable  effect  on  the  sea  bottom  ?  Unfortunately  we 
lave  very  little  to  guide  us,  for  it  is  one  of  the  weakest  places  in 
his  theory  that  there  are  no  analogous  modem  examples  that  we 
»n  appeal  to.  Even  with  those  glaciers  that  displace  the  sea  from 
m  inlet  like  the  Malaspina  Glacier  of  Mount  St  Elias  in  Alaska,*  it 
8  impossible  to  say  what  effect  the  glacier  has  had  on  any  deposits 
bat  may  previously  have  occupied  the  bottom.  We  know,  however, 
hat  glaciers  frequently  over-ride  loose  deposits  on  land  without 
lisplacing  them,  while  in  others  they  erode  their  beds.  By  the 
ierms  of  the  postulate  Pre-glacial  deposits  must  have  occupied  tbe 
Irish  Sea  before  the  over-riding  of  the  ice-sheet  bringing  its  load  of 

^  Israel  Rossell, — National  Geographic  Magazine,  May,  1891. 
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northern  rocks  along  with  it.  A  short  Iceberg  period  must  have 
preceded  the  final  development  of  the  Ice-sheet,  even  on  this  theoiy. 
and  the  products  of  this  interval  might  get  ploughed  up  and  mixed 
with  the  products  of  the  Ice-sheet  But  what  has  become  of  the 
Pre-glacial  deposits?  I  have  examined  most  artificial  exposures 
in  Lancashire  and  Cheshire  calculated  to  throw  light  upon  the 
subject,  but  nothing  in  the  form  of  a  Pre-glacial  deposit  have  I  ever 
seen.  Tlie  Alexandra  Docks  at  Liverpool  and  the  Docks  at  Glarston 
gave  grand  opportunities  for  inspecting  the  rocky  floor  below  tide 
level,  the  Mersey  Tunnel  also,  in  a  lesser  degree,  but  everywhere 
the  glacial  deposits  rest  directly  on  the  bed-rock  or  the  debris  of 
the  bed-rock.  Borings  at  Widnes  and  well  and  shaft  sinkings  at 
various  places  in  the  Mersey  Valley,  all  below  the  level  of  the  sea, 
tell  the  same  story.  So  far  as  we  know,  and  I  have  seen  nothing 
recorded  to  the  contrary,  the  glacial  deposits,  with  local  variations, 
are  the  same  from  the  top  to  the  bottom  of  the  series.  The  "  GuUj 
Gravels  "  lying  in  depressions  down  to  160  feet  below  the  sea  level 
are  glacial,  as  shown  by  the  rocks  from  which  they  have  been 
derived  being  the  same  as  those  in  the  Boulder-clay.  If,  as  is  con- 
tended, the  Drift  of  Lancashire  and  Cheshire  is  ploughed-up  Irish- 
Sea  bottom,  it  is  very  remarkable  that  it  possesses  such  homologoue 
characteristics  throughout,  and  that  the  Pre-glacial  deposits  have 
been  so  thoroughly  mixed  with  the  materials  brought  by  the  land- 
ice  that  there  is  no  distinguishable  difiference  from  the  top  to  the 
bottom  of  the  series.  Not  only  are  Pre-glacial  deposits  not  to  be 
found  in  siUi,  but  not  a  scrap  or  shred  of  anything  of  the  sort  have 
I  ever  found  embedded  in  or  associated  with  the  Boulder-clay. 

Areal  Distribution  of  Erratics. 

Not  only  are  the  rocky  materials  contained  in  the  Drift  not 
arranged  in  any  discoverable  vertical  order,  but  well  recognized 
types  of  rock  have  a  wide  areal  distribution.  All  over  Lancashire, 
Cheshire,  and  Shropshire,  Scotch  and  Eskdale  granites  are  to  be 
found  in  large  boulders  now  scattered  over  the  surface,  while  smaller 
boulders  and  pebbles  of  the  same  rocks  are  to  be  seen  in  the  Drift 
itself.  East  and  west  they  extend  also  from  the  Pennine  Chain 
across  Lancashire  and  Cheshire  and  along  the  coast  of  Wales  to 
beyond  Moel  Tryfaen,  in  Carnarvonshire. 

If  all  these  boulders  have  been  conveyed  to  these  points  by  an  ice* 
sheet,  some  reasonable  explanation  of  how  it  was  done  ought  to 
be  given. 

This  hypothetical  ice-sheet  is  supposed  to  have  originated  in 
Scotland,  and  to  have  been  reinforced  by  glaciers  from  the  north- 
west of  England  and  the  north-east  of  Ireland.  Its  course  was 
over  the  bed  of  the  Irish  Sea  to  Liverpool  Bay,  at  which  place  it 
divided  into  two  lobes,  one  of  which  flowed  onwards  over  Cheshire 
and  Shropshire,  and  the  other  flowing  westward,  skirted  the  coast 
of  Wales.  Taking  Crifi*el  as  the  origin  of  the  Scotch  granite,  it 
would  form  the  apex  of  a  triangular  area  over  which  this  granite 
has  been  distributed,  having  a  base — measuring  east  and  west  along 
the  coast  of  Wales— as  long  as  its  sides. 
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The  divergenoe  of  flow  from  Criffel  will  thus  have  been  as  great 
B  40  d^rees,  a  very  improbable  thing  to  have  happened  with  aa 
se-sheet  trsTersing  a  basin  fed  from  three  sides.  But  when  we 
insider  that  Lake  District  granites  are  found  all  along  the  same 
tase,  the  improbability  becomes  to  my  mind  an  impossibility ;  for 
t  would  involve,  first,  a  concentration  and  mixing  of  the  two 
iifferently-derived  rocks  on  or  in  the  ice-sheet,  and  their  after  dis- 
ribution  in  a  fan-like  form.  This  is  omitting  from  consideration 
he  further  difficulty  of  the  Antrim  flints  and  other  erratic  rocks 
onnd  over  the  same  area. 

High-Level  Sands  and  Qraveh, 

Not  only  does  the  land-ice  theory  fail  to  explain  the  areal  distri- 
)ntion  of  erratics,  but  we  have  the  further  difficulty  to  contend  with 
hat  they  are  found  at  all  levels  up  to  1400  feet  above  the  sea. 
They  are,  as  already  pointed  out,  proportionally  greater  in  numbers 
it  the  top  of  Tryfaen  than  in  the  Drift  of  the  coastal  plain  of  Car- 
larvonshire.  As  a  question  in  dynamics  it  has  never  been  shown 
vhat  gradient  would  be  required  for  an  ice-sheet  from  the  North 
hus  to  overpower  the  native  glaciers  of  Snowdonia.  The  Welsh 
nountains  are  higher  than  any  in  the  South  of  Scotland,  so  that  to 
)verpower  the  thrust  of  the  ice  northwards  from  a  Snowdouian 
centre,  and  to  deflect  it  south- westwardly,  an  enormous  pile  of  snow 
vould  have  to  be  concentrated  in  Scotland.  A  surface  slope  of  half 
I  degree  would  mean  a  depth  of  snow  of  over  a  mile  at  Criffel,  plus 
he  depth  of  snow  on  Tryfaen.  The  gradient  of  the  Welsh  ice-sheet, 
jven  if  the  top  of  Snowdon  were  bare,  would  be  about  4  degrees 
rom  Snowdon  to  the  top  of  Tryfaen.  Putting  it  in  the  most  favour- 
ible  light  for  the  land-ice  theory,  it  would  appear  that  even  had 
he  snow  been  two  miles  thick  at  Criffel,  and  in  Wales  reached  only 
o  the  top  of  Snowdon,  the  Snowdonian  glacier  would  have  overcome 
he  northern  ice-sheet  and  have  effectually  prevented  the  landing 
)f  sea-bottom  on  a  flanking  spur  of  Snowdon,  were  such  an  event 
)therwi8e  possible. 

But  there  yet  remains  another  difficulty ;  the  deposits  in  question 
ire  admittedly  aqueously  deposited,  so  that  on  the  ice-sheet  theory 
he  ice  containing  these  sea-bottom  remains  must  have  melted  and 
n  such  a  manner  as  to  have  deposited  the  sands  and  gravels  and 
)oulders  in  a  stratified  mass  on  the  summit  of  a  hill  1400  feet  above 
he  sea-level.  No  one  has  grappled  with  this  hydraulic  difficulty. 
Jimilar  reasoning  applies  to  the  Gloppa  drift,  which  is  1100  feet 
•hove  the  sea  and  over  60  feet  thick,  probably  100  feet,  as  it  has 
lever  been  bottomed,  and  bears  in  its  current- bedded  stratification 
ndubitable  marks  of  aqueous  deposition.  There  still  remains  a  most 
Qiportant  fact  which  must  not  be  lost  sight  of  in  this  connexion, 
lamely,  the  presence  of  perfect  and  delicate  shells.  Since  Mr. 
Nicholson,  F.G.S.,  made  his  splendid  collection  of  glacial  shells  on 
Srloppa,  this  difficulty  has  been  emphasized.  The  fragmentary  con- 
itiou  of  most  of  the  Drift-shells  had  been  triumphantly  pointed  to 
8  a  convincing  proof  of  the  passage  of  an  ice-sheet  over  them. 
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Now  the  odd  thing  happens  that  the  largest  oollection  of  the  moit 
perfect  shells  are  found  jast  in  the  place  where  thej  are  least 
wanted  on  the  ice-sheet  hypothesis.  Ohriooslv  a  s^fe  means  of 
transport  mnst  be  provided,  and  this  is  sapposed  to  be  ensored  by 
the  working  up  of  the  sea-bottom  material  into  the  ice-sheet,  and 
these  delicate  shells,  solidly  encased  in  ice,  are  pushed  safely  tn 
unknown  distance  over  the  sea-bottom  and  then  aphill  and  down 
dale  to  be  eventnally  melted  out  and  deposited  upon  the  summit  of 
a  hill  11 00  feet  above  sea-level. 

Tliere  is  yet  another  if  a  minor  question  of  a  physical  natnre  that 
ob\noii8ly  requires  answering.  If  the  ice-sheet  possessed  sufficient 
power  to  force  sea-bottom  1400  feet  up  the  slopes  of  Snowdonia  and 
withiu  five  miles  of  its  highest  centre,  why  should  the  snows  from 
the  mountains  of  Denbighshire  and  Flintshire  be  sufficient  to  divert 
one  lobe  of  it  over  the  plains  of  Cheshire,  and  the  other  along  the 
Welsh  coast  ?  *  Kather  one  would  expect  that  the  whole  of  Flintshire 
and  Denbighshire  would  have  been  overwhelmed  with  an  ice-covering 
marching  irresistibly  towards  the  Midlands. 

Nor  must  we  lose  sight  of  the  fact  that  near  Macclesfield  and  on 
the  Three-Rock  Mountain,  near  Dublin,  shelly  sands  and  gavels 
have  been  found  at  a  level  of  about  1200  feet  above  the  sea.    These 

? laces  are  on  the  same  parallel  of  latitude  and  about  190  miles  apart 
f  the  transport  was  by  land  ice,  the  ice-sheet  filling  the  Irish  Set 
must  have  had  here  a  front  of  not  less  extension  than  200  milee,  and 
a  minimum  depth  of  say  2000  feet ;  but  on  this  head  we  have  very 
little  to  go  by.  We  may  very  well  ask  how  a  snow-field  in  Scotland 
of  a  less  width  than  the  distance  between  these  two  places,  even 
assisted  by  the  bordering  fields  of  England  and  Scotland,  could  have 
generated  a  glacier  which  not  only  displaced  the  water  of  the  Irish 
Sea,  but  after  spreading  out  190  miles  still  maintained  such  an 
enormous  depth  as  to  be  capable  of  forcing  up  sea-bottom  laterally 
on  either  side  to  the  height  of  1200  feet ;  and  in  the  case  of  the 
Three-Rock  Mountain  against  the  contributory  glaciers  of  Irish  origin. 

Diairibution  of  the  Sands  and  the  Matrix  of  the  Boulder-day  on  t\e 

lee-aheet  Hypothesis, 

If  the  Drift  occupying  Lancashire,  Cheshire,  and  Shropshire  hss 
been  carried  there  by  an  ice-sheet  it  would  show  in  its  oonstitiition 
little  or  no  relation  to  the  water-sheds  in  which  it  occurs ;  whereas, 
as  I  have  shown,  the  contrary  is  the  case.  The  clays  wonld  not 
preponderate  as  they  do  in  the  lower  part  of  the  basin  of  the  Mersey, 
nor  would  the  sands  be  found  lying  upon  the  New  Red  Marl  as  they 
do  in  Cheshire  and  Shropshire. 

If  an  ice -sheet  had  passed  over  the  Red  Marl  of  Cheshire  we 
ought  naturally  to  look  for  a  great  mass  of  Boulder-clays  further 
south ;  instead  of  this  sands  and  gravels  preponderate.  The  waste 
of  the  New  Red  Marl  of  Cheshire  has  flowed  in  a  northerly  direction 

.  *  Mr.  Strahan  shows  that  the  Drift  of  the  upper  part  of  the  Vale  of  Clwyd  has 
tnvelled  North-East. — Memoir  of  the  Geological  Survey,  Geology  of  the  neigh- 
borhood of  Flinty  Moldy  and  Ruthin. 
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long  its  present  water-sbed  lines  and  this  is  further  indicated  by 
be  oommon  presence  of  gypsum  in  the  Cheshire  Boulder-clay. 

Tresence  of  Materiali  and  FossiU  derived  from  the  8outh'E<ui, 

In  the  Drift  gravels  at  Wollerton,  Shropshire,  I  found  numerous 
lints,  as  also  to  the  north  of  the  patch  of  Shropshire  Lias,  and  at 
Market  Drayton  in  Shropshire.  That  these  flints  have  travelled 
from  the  soath-east  I  have  little  doubt.  Liassio,  Gault  and  Chalk 
fossils  have  been  recorded  in  the  Gloppa  Drift  by  Nicholson ; '  Liassio 
fossils  by  myself  at  Wollerton,  Shropshire.  Waldheimia  ohovata  is 
recorded  from  the  Drift-sand  at  Wellington,  Shropshire,  by  Dr. 
Callaway.  In  the  Old  Gravels  above  Wigmore  Lake,  not  far  from 
Ludlow,  the  Bev.  T.  T.  Lewis  obtained  some  specimens  of  Lias 
gryphytes  (Becord  of  the  Rocks,  p.  177).  Beete  Jukes  says  (Memoir 
of  South  Staffordshire  Coalfield,  second  edition,  pp.  207,  208)  that 
Chalk  fossils  often  abound  in  sand  and  gravel  at  Wolverhampton, 
and  between  it  and  Shiffnal,  and  sometimes  broken  fossils  of  the 
Lias  and  Oolitic  formations,  and  seem  therefore  rather  derived  from 
the  east  than  the  north.  Mackintosh  describes  coal  found  in  Drift- 
sand,  near  Corwen,  which  he,  with  a  good  show  of  reason,  infers 
has  come  from  near  Ruabon  or  from  east  to  west  "  Mr.  Molynenz 
has  noticed  what  he  describes  as  a  remarkable  tract  of  Chalk-flints 
stretching  across  the  high  ground  of  Hanbury  Woodend  (north-west 
of  Burton-on-Trent)  running  east  and  west"  (Deeley,  Q.J.G.S., 
voL  xlii.  p.  459).  Cham  wood  Forest  rocks  are  found  in  the  Boulder- 
day  of  Nottingham,  and  must  therefore  have  travelled  in  a  northerly 
direction  {ihid.  p.  480). 

I  have  myself  found  pre-Cambrian  rocks  of  the  Wrekin  in 
Boulder-clay  immediately  to  the  north  of  the  Wrekin. 

This  drift  of  materials  is  either  across  or  directly  opposite  to  the 
direction  of  the  supposed  flow  of  the  ice-sheet.  I  have  no  doubt  the 
list  could  be  much  extended,  and  these  facts  cannot  be  reasonably 
accounted  for  on  the  land -ice  hypothesis. 

The  Olacio' Marine  or  Submergence  Theory. 

While  the  land-ice  hypothesis,  supported  by  much  ingenious 
reasoning,  based  upon  imagination  rather  than  facts,  fails  to  explain 
numerous  phenomena,  the  old  idea  of  submergence  offers  a  much 
simpler  and  more  reasonable  explanation  of  the  drift  phenomena 
I  have  described  in  these  pages.  ^ 

The  dispersion  of  erratics,  the  presence  of  marine  shells,  the  wear 
of  boulders,  and  the  rounding  of  sand  grains,  are  all  consistent 
with  Glacio-Marine  deposition.  The  preponderance  of  far-travelled 
erratics  in  the  high-level  Marine  Drift  of  Tryfaen  is  suggestive  of 
the  same  cause.  I  have  found  crystalline  schist  from  Anglesey  in 
this  drift  in  a  water-worn  condition,  but  the  Lake  District  and 
Scotch  granites  greatly  preponderate.  Yet  Anglesey  is  directly  in 
the  path  of  the  hypothetical  ice-sheet,  and  should  therefore  have 

*  Mr.  Nicholson  tells  me  he  found  one  of  the  Lias  fossils  himself  in  the  Drift,  and 
that  although  the  others  were  fonnd  by  the  workmen,  he  has  no  reason  to  doubt  their 
gemuneneBs. 
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contributed  the  larger  store  of  rocky  materials.  The  granite  centrei 
on  the  submergence  theory  would,  being  at  a  greater  elevation  and 
casting  off  glacial  ice,  continue  supplying  granite,  boulders,  and 
pebbles  for  a  much  longer  period  than  Anglesey.  Thus,  althongh 
more  distant  in  their  derivation,  the  preponderance  of  granites  on 
Tryfaen  is  satisfactorily  explained. 

I  have  already  in  various  papers  expressed  my  opinion  that  the 
Low-level  Boulder-clay  and  sands  have  been  mainly  formed  in 
shallow  waters  when  the  subaerial  denudation  of  the  land  con- 
tributed largely  to  their  formation. 

Their  distribution  is  consistent  with  this  view,  bat  not  with  the 
view  that  the  whole  of  their  materials  have  been  pushed  along  the 
land  from  the  northwards,  and  are  mainly  composed  of  ploughed-op 
Irish-Sea  bottom.  It  used  to  be  a  principle  among  glacialists  that 
the  proof  of  any  deposit  being  **  ground  moraine  *'  was  the  prepon- 
derance of  local  materials  in  it.  Now  the  carrying  powers  of  land- 
ice  have  been  theoretically  extended  to  include  almost  every  glacial 
deposit  in  the  category  of  ground- moraine,  so  that  the  boulders 
forming  the  great  bulk  of  the  rocks  in  Boulder-clay  hundreds  of 
miles  away  from  their  origin,  and  among  which  local  rocks  may  be 
searched  for  in  vain,  form  no  difficulty  to  the  modern  glaoialist 

But,  say  the  supporters  of  the  land -ice  theory,  the  high-level 
drifts  are  uncommon  and  sporadic,  whereas  on  the  submergence  theory 
they  ought  to  be  common  and  general.  I  confess  myself  unable 
to  see,  if  there  be  any  truth  in  this  argument,  why  it  should  not 
equally  apply  to  the  deposits  of  an  ice-sheet.  The  Drift  has  been 
spread  pretty  evenly  and  generally  over  the  low-lands,  which  ia 
consistent  with  glacio-marine  deposition.  It  has  been  spread  less 
generally  and  more  irregularly  over  the  hilly  districts,  but  yet  much 
more  largely  than  the  land-ice  theorists  would  have  us  believe.  It 
must  be  an  exceptional  thing  for  shells  to  be  present  in  these  loose 
deposits,  yet  nothing  that  has  them  not  is  admitted  as  marine-drift 
Again,  on  the  low-lands  numerous  artificial  excavations  are  con- 
stantly showing  us  the  nature  of  the  subsoil,  while  on  the  hills  we 
have  to  wait  for  the  occasional  opening  of  a  slate  quarry  or  a  gravel- 
pit  before  we  can  ascertain  what  the  superficial  covering  is  composed 
of  or  what  its  depth  is.  It  was  the  accident  that  between  30,000 
and  40,000  tons  of  sand  and  gravel  were  required  for  the  Vyrnwy 
filter-beds  that  discovered  the  existence  of  these  extensive  and 
thick  beds  of  sands  and  gravels  with  their  remarkable  molluscous 
remains,  previously  unsuspected.  I  have  little  doubt  that  these 
examples  will  multiply  as  further  engineering  works  are  carried  out 
Quairies  are  not  so  likely  to  discover  these  beds,  for  quarrymen 
avoid  such  places,  as  the  expense  involved  in  removing  the  "  fay," 
as  the  overlying  loose  deposits  are  called,  lead  their  operations  to 
where  there  is  less  cover  on  the  rocks. 

Another  objection  urged  against  the  submergence  theory  is  the 
supposed  impossibility  of  shells  representing  such  diverse  conditions 
being  congrej^ated  in  one  place.  Strange  to  say,  Forbes  was  the  first 
to  raise  this  difficulty  with  respect  to  the  shells  found  by  Trimmer  on 
Tryfaen.     As  a  matter  of  fact,  I  have  in  my  collection  the  whole  of 
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he  list  (except  one  speoies)  pioked  o£f  the  Crosby  shore  either  by 
uyself  or  my  sons.  Species  and  genera  the  most  diverse  in  habitat 
ire  thrown  ap  on  the  shore,  and  the  same  may  just  as  readily  have 
lappened  in  the  glacial  sea  in  glacial  times.  Again,  it  is  urged  that 
there  are  shells  whose  habitats  now  are  southern,  mixed  up  with 
boreal  types,  and  that  they  could  not  have  lived  together  in  the  same 
sea.  The  only  shell  of  southern  type  that  has  anything  approaching 
ft  wide  distribution  in  the  Drift  is  Yewu  chione,  and  that  is  now 
found  living  in  Carnarvon  Bay.  l^e  southern  types  of  shell  appear 
to  be  more  frequent  (though  only  two  species  are  recorded  from 
Gloppa)  in  the  High-level  sands  and  gravels  than  in  the  Low-level 
Boulder-day  and  sands ;  and  this  is  consistent  with  the  amelioration 
of  the  climate  which  set  in  with  the  submergence.  Some  Tertiary 
shells  are  now  only  boreal  in  their  habitats,  notably  TeUina  ealcarea,^ 
a  common  fossil  of  the  Scotch  drift ;  yet  it  hardly  would  be  con- 
tended that  any  part  of  the  Tertiary  period  was  colder  than  the 
present.  The  fact  is  we  are  ignorant  of  the  causes  that  govern  the 
distribntion  of  molluscs,  and  are  not  in  a  position  to  say  that  it  is 
solely  temperature.  At  Cape  God,  in  latitude  42°,  arctic  and  southern 
forms  are  now  dredged  up  alive  from  the  same  bottom.  Finally, 
the  great  majority  of  the  mollusoa  of  the  Drift  are  now  found  living 
in  the  Irish  Sea.  Not  only  so,  bnt  the  most  common  species  of  the 
Drift  of  the  north-west  of  England  are  the  most  frequently  found 
now  on  the  sandy  shores  of  Lancashire.  If  a  few  boreal  forms  were 
introduced  among  the  living  molluscous  fauna  of  the  Irish  Sea,  and 
two  or  three  southern  types  less  freely,  we  should  have  a  pretty  close 
rep  redaction  of  the  fauna  of  the  Drift  The  shells  of  the  Drift  are 
little  distinguishable  in  condition  from  those  of  recent  molluscs, 
which  I  believe  are  lineal  decendants  of  those  that  occupied  the 
Irish  Sea  in  Glacial  times. 

The  remarkable  equality  of  maximum  level  of  the  high-level 
sands  and  gravels  with  shells  scattered  over  an  area  190  miles  wide 
from  east  to  west  points  towards  deposition  by  the  sea  rather  than 
by  land- ice. 

With  this  I  must  for  the  present  conclude,  for  though  I  have  far 
from  exhausted  the  illustrations  and  arguments  gained  in  the  field 
during  the  last  twenty  years,  the  reasonable  limits  of  space  prevent 
me  from  expanding  them.  Enough,  I  trust,  has  been  said  to  show 
that  the  Glacial  deposits,  being  fairly  interrogated,  speak  strongly 
in  favour  of  a  glacio-marine  origin. 

yi. — A  Sand-Pit  at  Hill  Morton,  near  Rugby. 
By  the  Rev.  P.  B.  Brodib,  M.A.,  F.G.S. 

DURING  a  recent  visit  of  the  Warwickshire  Naturalists'  and 
Archaeologists'  Field  Club  to  Rugby,  a  very  interesting  section 
was  examined  at  Hill  Morton.  It  consists,  for  the  most  part,  of 
brown    and   light-coloured   sands,  exposed  near   the  London  and 

*  *♦  Occurs  in  eyery  Tertiary  bed  up  to  the  Red  Crag  "  (Jeffreys,  British  Concholog}-, 
Tol.  ii.  p.  390). 
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yorb-W«*l*ni  RailwaT.  at  least  50  feet  thick,  ofer  fi 
tLe  liri^iri*  of  '2ep<'*:::>Ei  l^inz  v^riy  irre^ralfcr.  iT-Tt^rKtsrw-L  ir»» 
lOi  1  iLere  witL  DntueroujF  euall  pebbles.  mazjT  cf  wi:i:!i  r«-  amr- 
fUA*^.  u^jue  Terr  lar^.  tLougfa  all  are  more  ir  l*r»  rrmu m-L  ia»£ 
incliiiirjg  m'iob  fiint.  Amoxi^rst  ihefe  were  iLniT  L*sk»  •^-r«^fiiB» 
I'cLUflv  6*.  lamrra  ,  and  some  Cretaoeoos.  Oi'iiric  azji  Liuabu  i^suaiA 
witb  oocasioDal  f-.n^bils ;  bat  apparerjtlv  do:  slsllt  k:i:u=ai':  r.iscL 
wui^  of  wLi';h  Li%y  f^crjsibly  be  Carl>:nifrroc<w  Tiitc*  k:«  La» 
here  aL'i  th«rre  trv*«  of  C^rlxma'ieous  m;itt<rr.  Tie  izi'ScrBs:  ii  ^i* 
M^jtion  Cja^is's  iu  tLe  aocuinulation  of  i^jcb  a  iiiii»  -:f  {iic:  smL 
wLicL  occupie*  a  rid^e  of  considerable  exteni  hy.h.  ii  I-ssri  Wii 
brf'a'hL.  on  lii;;h  fn^«and,  and  is  eeen  at  other  plAiC««  ii.  a^i  zastc^ 
vil)*;;e.  and  c**n  hardly  be  ooniidered  t>  bel-nz  lo  iLe  T^^tt  Tc:c«»r> 
v^-'MtA,  and  nii^Lt  alm-jst  be  sup^Kise^i  to  be  ref-rrfcrl*  i^  ftm* 
later  Tertiary  dep^it  just  anterior  to  the  earliest  Dzif:  *-z*:»irL,  X* 
recent  ehelU  of  any  kind  were  notice*!,  eo  that  ii  is  ii::p:iBsf:^  3 
aav  whether  the  Mnd  was  fiuviatile  or  marine. 

It  is  not  «Ab\'  to  determine  whence  sach  a  mass  of  £=ie  aaai  v« 
derive'l,  though  it  may  f^rhapa  have  originated  fr>m  the  -i-ess^kr^n 
of  fiOme  of  the  sandy  beds  of  the  31iddle  Lias  not  far  v2.  z-r  frroi 
some  of  the  more  arenaceous  Oolitic  rocks.  If.  which  is  t>:<  ra- 
probtble,  the  Chalk  and  Greensand  formerly  exteodc^i  ore-r  :h.2S  fcTA. 
and  have  since  lieen  entirely  removed,  the  Cretace.^ns  sasis  w:^-i 
have  sapplied  ample  materiaL  Coarse  Drift  al£^3  seen  elsevbKVL  vol 
the  same  position,  but  quite  distinct  from  the  sand  below.  occsr»  ss 
the  top  overlying  the  hand. 

As  this  section  has  not  been  recorded  in  the  Geol«.-^:ical  Survey 
Memoir  of  the  Dihtrict,  it  seems  to  be  worthy  of  notice. 


I. — The  Great  Earthquake  of  Japax,  1891.  Bv  Professor  Joh5 
Milne,  F.K.S.,  F  G.S.,  and  Professor  W.  K.  Burtos,  C-E. 
Illustrated  by  29  Plates  and  a  Map  of  Japan  prepared  by  K. 
Ogawa.  liong  folio,  pp.  71.  (Lane,  Crawford.  &  Co..  Yokahama ; 
and  E.  Stanford,  Charing  Cross,  London.     Price  £2  2s.) 

TO  Professor  John  Milne  belongs  the  credit  of  placing  the  study 
of  seismology'  in  Japan  upon  a  sound  scientific  basis.  By  Lis 
eamestnefas  and  enthusiasm  he  created  the  Seismological  S«x:iety 
of  Japan,  which  has  already  published  sixteen  volumes  of  Trans- 
actions. He  has  induced  the  Japanese  Government  to  establish 
stations  of  observation  in  various  parts  of  the  Empire  and  to  have 
notice  of  all  shocks  telegraphed  to  Prof.  Milne  at  Tokio  to  be  duly 
rec^^irded  and  studied.  Largely  at  his  own  expense,  and  aided  by 
grants  from  the  British  Association,  he  has  set  up  seismograpbfl 
invented  by  himself  and  Mr.  Gray,  in  Tokio  and  other  places.  He 
has  spared  neither  labour  nor  expense  to  carry  on  his  researches,  and 
the  record  of  the  great  Earthquake  of  last  year  is  now  presented  to 
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D8  as  a  handsome  album,  measunng  16  inches  by  11  inches,  with 
text  by  himself  and  Pruf.  W.  E.  Barton,  illustrated  by  thirty  plates 
repTodnoed  from  actual  photographs,  vividly  portraying  the  scenes 
of  this  terrible  calamity,  each  plate  accompanied  by  descriptive 
letterpress.  The  following  extracts  are  taken  from  the  authors' 
introdnction : — 

*' Japan  is  a  land  of  Earthquakes  and  Volcanoes.  Every  year  its 
inhabitants  are  shaken  by  at  least  five  hundred  shocks,  and  at 
intervals — several  of  which  fall  within  the  memory  of  the  living — 
Bome  part  or  other  of  the  Empire  is  visited  by  a  terrible  catastrophe. 

*'  When  nature  thus  exerts  itself  cities  are  rocked  like  ships  upon 
the  ocean,  and  it  is  some  time  before  equilibrium  is  restored.  There 
is  a  mighty  effort,  as  if  a  mountain  range  had  escaped  the  pressure 
that  held  it  in  its  crumpled  form,  and  the  country  is  suddenly  thrown 
into  the  most  violent  oscillation.  Complete  relief,  however,  is  not 
obtained  at  once ;  and,  for  some  months,  minor  yieldiugs  announce 
themselves  with  subterranean  thunderings  and  smaller  shakings  on 
the  sarfaoe.  In  these  years  one  or  two  thousand  shakings  are  added 
to  the  average  five  hundred." 

"  When  we  are  not  shaken  by  Earthquakes,  certain  sections  of  the 
country  are  threatened  by  volcanoes.  Only  a  few  years  ago  a  terrible 
explosion  took  place  on  the  side  of  the  grass- covered  Baudaison, 
and  in  less  than  ten  minutes  a  tract  of  country  measuring  thirteen 
miles  by  ten  was  submerged  beneath  a  sea  of  earth  and  boulders  at 
least  one  hundred  feet  in  depth.  Hamlets  and  farms  were  buried, 
and  nearly  600  people  lost  their  lives." 

'*  In  Japan  there  are  at  least  three  lines  of  weakness  through  which 
volcanic  forces  have  forced  openings,  and  around  these  the  ejected 
material  has  built  up  cones.  The  first  of  these  lines — which  is  at 
least  1000  miles  in  leugth^-comes  from  Kamchatka  through  the 
Kuril  Islands  and  Yesso  down  Nippon.  Here  it  is  met  by  a  secr>nd 
line  about  1500  miles  in  length,  almost  at  right  angles,  which  runs 
through  the  Benin  Islands  to  the  Ladrones  in  the  Pacific.  The  third 
comes  up  from  the  Philippines  through  Formosa,  to  the  centre 
of  Kinslim',  where  it  terminates  in  Asosan,  a  volcano  with  a  ring- 
formed  crater  ten  miles  in  diameter.  In  the  middle  of  Japan  there 
are  no  volcanoes,  but  severe  Earthquakes  have  been  as  frequent  there 
as  they  have  been  in  other  portions  of  the  country.  The  greatest 
frequency  is  along  the  east  coast ;  and  these  disturbances,  which  are 
of  daily  occurrence,  do  not  come  from  the  volcanoes,  nor  does  tlieir 
frequency  show  any  relationship  to  volcanic  action  as  exhibited  at 


craters." 


"  11)6  vapour  to  which  we  now  look  as  being  a  possible  cause  of 
Earthquakes  is  that  of  water.  By  capillary  action,  water  »oaks 
downwards  to  heated  regions,  and  the  resulting  steam  we  know  to 
he  the  motive  power  at  our  volcanoes.  The  earth's  crust  not  being 
sufficiently  strong  to  withstand  the  increasing  subterranean  pressure, 
whole  mountains  have  been  dissipated  as  dust  and  boulders,  and 
although  a  great  portion  of  the  force  of  the  explosion  has  been  spent 
in  the  creation  of  air- waves,  earthquakes  of  considerable  magnitude 
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have  been  produced.  Similarly  we  can  oonoeive  of  aabterraneu 
explosions  as  the  producers  of  earthquakes.  Certainly  the  fact  that 
many  earthquakes  occur  in  volcanic  countries,  and  near  the  ocean 
where  we  therefore  have  both  heat  and  moisture,  support  sach  a  view.** 

"The  great  disturbance  which  we  illustrate,  occurred  about  the 
centre  of  Japan,  in  the  Prefectures  of  Aichi  and  Gifu.  The  severely 
shaken  district,  in  many  portions  of  which  the  destruction  of 
buildings  and  engineering  works  was  complete,  extends  over  4200 
square  miles.  The  area  in  which  brick  buildings  were  affected 
reached  as  far  as  Tokyo  to  the  east,  and  Kobe  to  the  west,  or  over 
an  extent  of  country  of  4400  square  miles.  The  disturbance  was, 
however,  felt  from  Sendai  in  the  north  to  Nagasaki  in  the  South,  or 
over  an  area  of  92,000  square  miles,  and  had  Japan  been  surrounded 
by  land  instead  of  water,  the  land  area  shaken  would  have  been 
about  400,000  square  miles,  Delicate  instruments  may  possibly 
have  been  affected  at  the  Antipodes.  Effects  were  noticed  in  ShanghL** 

**  If  we  were  asked  whether  the  Gifu-Nagoya  plain  was  a  place 
where  earthquakes  were  frequent,  we  must  reply  in  the  affirmative. 
In  Japan  there  are  some  seven  hundred  stations  where  earthquakes 
are  observed,  and  from  several  of  them  situated  on  the  Gifu  plain 
we  find  that,  in  the  six  years  from  188o  to  1890  the  number  of 
shocks  recorded  in  that  distiict  were  respectively',  9,  4,  10,  12, 15, 
and  3G ;  whilst  in  the  corresponding  years  in  Tokyo,  where  accurate 
records  are  taken  with  seismographs,  the  numbers  were  51,  50y  80, 
101,  115,  and  93." 

"  Standing  on  one  of  the  hills,  which  form  the  margin  of  the 
devastated  area,  a  vast  plain,  covered  with  rice-fields  dotted  with 
clumps  of  trees  and  hamlets,  and  streaked  with  the  silvery  bands  of 
the  four  great  rivers  which  cross  it,  stretches  as  far  as  eye  can  reach. 
From  the  western  side  of  this  plain — which  supports  a  population  of 
perhaps  800  to  the  square  mile — one  sees  towards  the  south  the 
islets  and  promontories  of  Owari  Bay,  before  one  the  turrets  of 
the  castles  rising  through  the  blue  smoke  of  Nagoya  and  Ogaki, 
beyond  which  comes  the  gently  sloping  uplands  forming  foothills  to 
dark  ^een  mountains." 

"  The  Nagoya-Gifu  plain  is  one  of  Japan's  great  gardens,  but  it  has 
been  devastated.  A  disturbance  occurred  in  the  Mino  mountains, 
and  at  once  an  area,  greater  than  that  of  the  Empire  of  Japan, 
became  a  sea  of  waves,  the  movements  being  magnified  on  the 
surface  of  the  soft  alluvial  plains.  In  Tokyo,  more  than  two 
hundred  miles  from  the  centre  of  the  disaster,  the  ground  moved 
in  long  easy  undulations,  producing  in  some  persons  dizziness  and 
nausea,  the  movement  being  not  unlike  what  we  might  expect  upon 
a  raft  rising  and  falling  on  an  ocean  swell.  Near  to  its  origin  the 
waves  were  short  and  rapid,  cities  were  overturned,  the  ground  was 
fissured,  small  mud  volcanoes  were  created,  and  the  strongest 
engineering  structures  were  ruined.     About  ten  thousand  people 
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lost  tbeir  lives,  fifteen  thousand  were  wounded,  and  one  hundred 
thousand  houses  were  levelled  with  the  plain,  whilst  almost  every 
building  in  the  Meozoseismal  area  was  shattered.  From  the  effects 
that  have  been  produced  upon  huge  engineering  structures  we  must 
conclude  that  the  earth-movements  in  Mino  at  the  time  of  the  great 
earthquake  were  «t  least  equal  to  any  movements  recorded  in  the 
annals  of  aeismology." 

A  glance  at  the  fine  series  of  plates,  reproduced  from  actunl 
photographs  (all  executed  in  Japan  by  native  artists),  conveys  a 
wonderful  and  realistic  idea  of  the  destruction  wrought  by  this 
earth-movement  on  the  works  of  man,  and  one  can  more  easily 
realise  what  would  be  the  effect  of  even  a  slight  earth -movement  to 
such  a  city  as  London  with  its  thousands  of  houses,  crowded  upon 
one  comparatively  small  area,  and  its  vast  and  complex  system  of 
drainage,  and  gas  and  water-mains,  to  say  nothing  of  its  under- 
ground railways  burrowing  even  beneath  the  Thames !  How  thank- 
ful ought  we  to  be  to  the  Japanese  Government  who  have,  by  their 
enmest  efforts  to  do  honour  to  Prof.  Milne,  succeeded  in  detaining 
him  upon  their  hospitable,  though  tremulous,  shores;  for  had  he 
decided  to  pay  the  same  careful  attention  to  the  seismology  of  this 
country,  our  lives  would  have  been  pasned  in  a  continual  state  of 
anxious  unrest,  hoping  for  the  best,  yet  fearing  the  worst  continually. 

H.  W. 

II. — Das  Nobddbutsohe  UNTSB-OLrGooAN  und  seinb  Mollusken- 
Fauna.  Von  A.  von  Koenen.  Lieferung  HI.  (Abb.  Geol. 
Specialkarte  v.  Preuss.  u.  d.  Thilringischen  Staaten,  Band  X. 
Heft.  8,  Berlin,  1891.) 

THE  third  part  of  this  valuable  work  on  the  Mollusca  of  the 
Lower  Oligooene  beds  of  Northern  Germany  is  devoted  exclu- 
sively to  the  consideration  of  the  Naticidas,  PyramidellidsB,  Eulimidae, 
CerithidaB,  and  TurritellidsB. 

Of  the  NaticidsB,  Professor  von  Koenen  recognizes  four  genera — 
Natica,  Naticina,  Amptdlinaf  and  Sigaretus, 

The  PyramidellidsB  mentioned  include  the  genera  Syrnola,  Euli- 
mellaf'  Odontostomaf  and  Turhonilla,  It  has  recently  been  shown 
that  Symola,  A.  Adams,  1862,  is  synonymous  with  Obeliacus, 
Humphrey,  1797,  and  the  latter  name,  therefore,  is  to  be  preferred. 

The  Eulimidse  described  comprise  the  genera  Eulima  and  Niso. 

The  CerithidsB  occupy  a  large  section  of  the  work,  and  the  peculiar 
manner  in  which  the  author  has  dealt  with  this  portion  of  his 
subject  is  worthy  of  note.  He  recognizes  the  fact  that  the  genus 
Ceriihium,  as  usually  understood  by  the  older  malacologists,  includes 
a  variety  of  diverse  forms,  many  of  which  have  but  little  in  common 
with  the  type  of  the  genus,  and,  years  since,  were  separated  from  it 
as  being  distinct  genera ;  yet  he  calls  them  all  Cerithium.  Of  these, 
Bittium,  Certthiopsis,  and  Lovenella  occur  in  the  beds  in  question. 
The  author  seems  to  be  quite  aware  of  the  existence  of  these  newer 
generic  names,  and  groups  the  species  together  accordingly.     Thus^ 
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the  ^nas  Bittium,  Gray,  is  said  to  be  represented  by  Ceriihiwm 
grnnnliferum,  v.  Koenen.  Why  not  call  the  mollusc  BiUiwm  grmU" 
lifi*rum?  The  name  Lovenella,  Sara,  1878,  should  be  replaced  by 
Cerithiella,  Verrill,  1882,  the  first-mentioned  being  pre-oocnpied 
by  Lovenellay  Hincks,  1868.  The  other  genera  of  the  Geritbids 
mentioned  by  the  author  are  Triforis,  Aporrhais,  and  MesosUma^ 
though  why  the  two  last  mentioned  are  so  grouped  we  are  at  a 
loHS  to  understand.  Aporrhais  does  not  in  any  way  resemble  any 
member  of  the  Cerithida3  with  which  we  are  acquainted,  and  it  ia 
usually  placed  in  the  vicinity  of  the  StrombidsB,  near  Rimella  and 
Bosfellaria — by  some  authors  it  is  included  in  the  Alata.  The  name 
Mesostoma,  Deshayes,  1861,  is  occupied  by  Ant  Duj^  1830,  and 
even  if  it  were  not,  its  true  name  by  priority  should  be  CerHkio- 
derma,  CJonrad,  1660.  Moreover,  it  is  now  usually  classed  with  the 
Trichotropidffi. 

Of  the  TurritellidsB,  Prof,  von  Koenen  recognizes  the  genera 
TurriteUa,  Mathilda^  ScaUola,  Vermetm.  and  Siliquaria.  He  includes 
the  ScalaridsB  as  a  sub-family  of  the  Turritellidse  I  Cirsotrema  and 
Acrilla  are  mentioned  as  sub-genera,  though  of  what  genus,  or 
genera,  the  author  does  not  very  clearly  show.  The  name  Scalaria, 
Lamarck,  1801,  is  used  instead  of  Scala,  Humphrey,  1797;  tbe 
latter  has  been  preferred  for  some  time  in  America,  and  adopted  in 
recent  works  in  this  country.  Grassiseala,  Clathroscala,  and  Acirta 
Of^cur,  and  together  with  the  sub-genus  AeirseHa  complete  the  list 
The  inclusion  of  the  Scalaridse  (or  rather  Scalidsd,  as  they  should  be 
termed)  amongst  the  Turritellidae  is  much  to  be  regretted  in  face  of 
the  writings  of  M.  de  Boury  and  others,  on  the  systematic  position 
of  the  group. 

In  spite  of  these  shortcomings,  however,  the  work  will  be 
welcomed  by  all  malacologists  and  geologists  who  desire  to  become 
more  perfectly  acquainted  with  the  fauna  with  which  it  deals.  The 
large  number  of  new  specific  forms  described,  and  the  careful 
manner  in  which  they  have  been  diagnosed  and  illustrated,  are 
features  the  value  of  which  must  not  be  overlooked.  G.  F.  H. 


III. — Bkitragb  zuk  Ebnntniss  der  fossilbn  Kadiolabicn  aus 
Gkstkinen  dkr  Trias  und  PALiEozoisciiEN  Sohichtbn.  Von  Dr. 
Rust  in  Hanover.  Pal»ontographica,  Bd.  XXXVIII ,  3-6 
Lieferung.  Marz,  1892  ;  pp.  107-192.    Mit.  Taf.  VI.-XXX. 

Contributions  to  the  Knowledge  op  Fossil  Radiolaria  from 
THE  Triassic  Rooks  and  from  Paljeozoio  Strata.   By  Dr.  Rust. 

DR.  RUST'S  researches  on  the  Radiolaria  in  the  Lower  Mesozoio 
and  the  Palaeozoic  strata  have  proved  as  fruitful  as  those  wbioh 
he  has  previously  made  on  this  group  in  the  Cretaceous  and  Jurassio 
ro(!ks.  In  this  memoir  no  fewer  than  247  species  of  Radiolaria 
from  the  Palaeozoic,  and  20  species  from  the  Triassic  rocks,  are 
descrihed ;  a  remarkable  result  when  it  is  considered  that  up  to  two 
years  since  these  organisms  were  scarcely  at  all  known  in  PaUeosoio 
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strata.  The  Radiolaria  mainly  oooar  in  jaspers,  chert  or  homstone, 
silioeoas  shales  and  slates,  and  siliceo-caloareotis  beds ;  but  in  tlie 
numeroiia  Palasozoio  limestones  examined  by  the  author,  they  are 
extremely  rare  and  in  bad  preservation.  In  some  of  the  siliceous 
rocks  they  are  so  abundant  as  evidently  to  form  the  main  portions 
of  the  Buhstance  of  the  rock ;  as  a  rule  they  are,  however,  too  poorly 
preserved  to  permit  of  specific  determination ;  but  here  and  tbere 
specimens  are  met  with,  nsaally  in  the  form  of  hard  nodular  concre- 
tions oontaining  phosphatic,  carbonaceous  and  manganese  ingredientH, 
in  which  the  structural  details  of  the  Radiolaria  are  wonderfully 
shown,  not  infrequently  owing  to  their  being  stained  by  thcRe 
accessory  materials.  Strange  to  say,  these  Palseozoic  Radiolaria  are 
in  better  condition  than  any  yet  known  from  Mesozoic  rocks ;  and 
they  are  generally  larger  and  possess  stronger  and  more  complicated 
tests  than  the  Mesozoic  species,  thus  more  nearly  resembling  Tertiary 
and  living  forms.  In  the  radiolarian-bearing  rooks  there  are,  occa- 
sionally, sponge-spicules,  and  in  some  of  Silurian  age,  fragments  of 
graptolites,  but  calcareous  fossils  are  absent. 

The  Triassio  Radiolaria  were  principally  obtained  in  beds  of 
chert  of  Middle  and  Lower  Muschelkalk  age,  in  the  Tyrol,  and  at 
Felso  Eors  in  Hungary.  In  the  Palaeozoic  rocks  the  greatest 
development  of  Radiolaria  is  met  with  on  the  lowest  horizon  of 
the  Carboniferous  limestone,  beginning  at  the  Culm  and  reaching 
downwards  to  the  Upper  Devonian.  In  the  Harz,  Hessen  and 
Waldeck,  they  are  present  in  dark  carbonaceous  siliceous  shales, 
jaspers  and  chert,  they  also  have  been  met  with  in  the  Ural  and 
possibly  also  in  Sicily,  in  rocks  of  the  same  horizon.  From  these 
various  localities  155  species  have  been  described.  In  the  Upper 
Devonian  rocks  of  the  Hartz  the  Radiolaria  occur  in  siliceous  shales 
oontaining  manganese,  but  without  carbonaceous  material ;  whilst  in 
the  Lower  Devonian  of  the  Ural  they  are  present  in  red  jasper,  and 
on  the  same  horizon  in  Hessen  in  siliceous  shale,  which  the  author 
considers  a  true  radiolarian  mud.  Altogether  from  Devonian  strata 
64  species  have  been  recognized. 

In  rocks  of  Ordovician  or  Lower  Silurian  age  Radiolaria  occur 
in  siliceous  shales  at  Langenstriegis,  in  Saxony  ;  Bohemia ;  Scotland  ; 
and  more  especially  at  Gabri^res  in  Languedoc,  where  they  are 
excelletitly  preserved  in  phosphatic  concretions  loosely  imbedded  in 
the  shales.  No  comparison  is  made  of  the  forms  in  the  Scotch  chert 
with  those  from  other  localities,  and  no  mention  whatever  of  those 
described  in  a  paper  published  nearly  two  years  since.  In  all  26 
species  are  described  by  the  author  from  Lower  Silurian  beds ;  with 
the  exception  of  three  forms,  they  have  been  denved  from  the 
Cambrieres  concretions.  At  a  still  lower  horizon,  in  the  Cambrian 
rocks  of  Sonneberg,  in  Thuringia,  Radiolaria  are  present,  but  their 
specific  characters  cannot  be  distinguished. 

Out  of  109  genera  in  which  these  Palaaozoic  and  Triassio  forms 
have  been  ranged,  but  two  only  are  new.  The  247  Palaeozoic 
species  fall  under  the  following  orders  in  Haeckers  classification  of 
the  group :  Spheroidea,  81  sp. ;  Prunoidea,  48  sp. ;  Disooidea,  52  sp. ; 
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Cyrtoidea,  55  sp. ;   Stephanoidea,  8  sp.,  and  Larooidea  3  fipecie& 
Only  13  species  are  common  to  Jurassic  and  Cretaceous  rocks. 

The  author  seems  justified  in  considering  these  siliceous  radio- 
larian  rocks  as  deposits  of  deep-sea  character,  comparable  with  the 
radiolarian  oozes  of  the  present  oceans,  and  it  remains  for  those  who 
oppose  this  view  to  show  wherein  the  difference  consists. 

In  the  accompanying  25  plates  excellent  illustrations  of  the  new 
forms  are  given,  enlarged  to  the  scale  of  300-450  diameters.  It 
would  have  been  better  if  the  scale  of  enlargement  had  been  given 
with  each  figure,  for  comparisons  made  with  the  measurements 
given  in  the  text  show  that  in  some  cases  they  are  drawn  on  a 
much  smaller  scale  than  that  stated. 

Dr.  Riist  deserves  the  thanks  of  all  palaeontologists  for  bis  ardaons 
researches  on  the  Mesozoic  and  Palaeozoic  Hadiolaria,  which  are 
completed  with  this  memoir.  Not  the  least  difficulty  in  this  pursuit 
is  to  obtain  material,  for  siliceous  rocks,  like  those  containing 
Badiolaria,  have  until  lately  been  considered  as  barren  of  fossils,  and 
consequently  have  been  unnoticed  by  collectors.  The  preparatioQ 
of  microscopic  sections  likewise  involves  considerable  labour,  and 
the  author  states  that  5000  were  made  for  the  purpose  of  this 
Memoir.  The  study  of  these  small  organisms  is  only  now  beginning, 
and  judging  from  the  fact  that  in  a  single  hand-specimen  of  rock  in 
which  the  forms  are  well  preserved,  fifty  new  species  may  be  found, 
there  can  be  little  doubt  that  in  number  and  variety  fossil  Radiolaria 
will  prove  in  nowise  behind  those  living  at  the  present  day. 

G.  J.BL 


IV. — Anzkichkn  einer  intebglaziaren  Epochs  in  Central-Russ- 
LAND.  (Umgebungen  des  Dorfes  Troifzkoje,  Gouv.  Moskau.) 
Von  N.  KBiscHTArowiTscH.  Bulletin  de  la  Soc.  imp^riale  des 
Naturalistes  de  Moscow,  N.S.  Tome  IV.  1890,  No.  4,  pp.  627-547. 

Indications  of  an  Interglacial  Period  in  Central  Russia. 
(Village  of  Troizkoje,  near  Moscow.)    By  N.  Krischtapowitsch. 

IN  the  high  banks  on  the  right  side  of  the  Moskwa  river,  at  the 
village  of  Troizkoje,  about  10  kilometres  from  Moscow,  there 
are  exposed  some  beds  of  lacustrine  derivation  containing  numerous 
plant  and  animal  remains,  including  bones  of  the  Mammoth,  which 
are  covered  by  typical  Glacial  deposits,  and  on  this  account  have 
been  supposed  to  be  of  pre-Glacial  age,  and  compared  with  the 
Forest  Bed  of  Norfolk.  This  lacustrine  formation  has  been  studied 
by  several  well-known  Russian  geologists  during  the  last  fifty  years, 
and  lately  the  author  of  this  paper,  accompanied  by  Professor  and 
Madame  Pavlow,  made  a  more  thorough  examination  of  the  locality, 
and  by  removing  the  debris  at  the  base  of  the  river  bank  asoertained 
that  the  lacustrine  beds  rested  on  glacial  materials  of  the  same 
character  as  those  above  them,  thus  showing  that  they  were  inter- 
Glacial  instead  of  pre-Glacial  in  age.  It  had  been  assumed  by 
previous  writers  that  the  fresh-water  beds  rested  directly  on  the 
Upper  Jurassic  sandstones  which  form  the  bed-rock  in  this  region. . 
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■    The  following  gives  the  Buocession  of  the  beds  as  shown  in  the 
river  bank  and  on  the  sides  of  a  lateral  ravine : 

(a)  Snrfaee  layer  of  humus. 
\b)  Yellow  sand  with  thin  partings  of  day,  1^  m. 
\e)  Yeliowiflh-grey  sands  with  erratic  olocas  of   Korthem  origin, 
from  Finland,  Olonetz,  &c.,  3  J  m. 
lAciutrinA     (d\{  reddish-brown  clay  bed,  becoming  yellowish -grey  below. 

1       .1         ^  '  I    II.  Ghraenish-brown  and  gprey  beds. 

epoai  .  I  jjj^  y^  sandy,  dark-green  and  grey  beds  with  layers  of  tnrf. 

(§)  Thin  layer  of  reddish-brown  loam. 

(/)  Keddish-brown,  yellow,  and  clear  sands  with  erratics  of  Northern 
rocks ;  in  the  upper  portion  sandy  concretions  with  crystalline 
erratics. 
{g)  Coarse  glacial  sand. 

(t)  Red  ferruginous  sandstone  with  erratics  of  crystalline  rocks. 
\k)  Jurassic  beds  (P)  upper  Volga  horizon. 

The  lacustrine  beds  are  shown  for  a  distance  of  about  100  metres, 
and  they  bave  a  maximum  thickness  of  about  12  metres.  In  some 
places  organic  materials  are  so  abundant  in  the  beds  that  they 
resemble  lignite,  and  are  readily  combustible.  The  plant-remains 
in  them  include  leaves  of  QuercnSy  Salix,  Alnui^  Beiuiay  Corylus, 
Acer,  Pinua  syhesiris,  Nuphar  luteunif  and  mosses.  Fresh-water 
species  of  diatoms  are  also  extremely  abundant  The  plants  are 
similar  to  those  now  living  in  the  same  area,  but  sqpie  forms  are 
more  abundant  than  at  present,  which  leads  the  author  to  conclude 
that  the  climate  of  that  time  was  somewhat  milder  and  moister  tlian 
tliat  of  to-day.  The  animal-remains  consist  of  wing-cases  of  beetles, 
shells  of  Anodon,  and  teeth,  bones  and  scales  of  fishes,  principally 
pike  and  perch.  The  Mammoth  skeleton  was  found  in  an  upright 
position ;  partly  in  the  middle  (II.)  and  partly  in  the  lower  bed 
(III.)  of  the  deposit.  From  the  remains  it  would  appear  that  the 
flora  and  fauna  of  these  inter-Glacial  beds  were  substantially  the  same 
as  at  present,  and  that  only  the  large  Mammoth  has  disappeared. 

The  author  has  found  traces  of  similar  lacustrine  materials  at  a 
locality  3  kil.  distant  from  Troiskoje,  and  in  the  river  banks  of  other 
places  in  Central  Russia  deposits  are  known  which  will  probably 
prove  to  be  of  the  same  age  as  those  described. 

The  evidence  of  the  deposition  of  these  beds  and  of  a  temperate 
climate,  in  a  period  intermediate  between  the  formation  of  beds  of 
glacial  character,  seems  clear  and  indisputable,  and  there  can  be  no 
doubt  of  their  similarity  to  the  inter-Glacial  beds  of  Germany  and 
"Western  Europe.  G.  J.  H. 

Geolooioal  Sooiett  of  London. 

I.— May  26th,  1892.— W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S., 
President,  in  the  Chair. — The  following  communications  were  read  : 

1.  "On  DelphinognathuB  conoeephalus  (Seeley)  from  the  Middle 
Karoo  P^ds,  Cape  Colony,  preserved  in  the  South- African  Museum, 
Capetown."     By  Prof.  H.  G.  Seeley,  F.R.S.,  F.G.S. 

The  skull  described  in  this  paper  is  believed  by  Mr.  T.  Bain  to 
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have  been  colleoted  by  himself  near  Beaufort  West.  The  presem- 
tion  of  the  specimen  leaves  something  to  be  desired,  but  notwith- 
standing defects  the  skull  belongs  to  a  most  interesting  Anomodont, 
indicating  a  new  family  of  fossil  Reptilia. 

I'he  skull  is  fully  described  in  the  paper,  and  its  relationships 
are  discussed.  The  author  has  already  given  reasons  «for  i^egarding 
jElurosaurus  feltnus,  Lycosanrus  curvimola,  and  their  allies  as  refer- 
able to  a  suborder  Gennetotheria^  which  is  nearly  related  apparently 
to  the  Pelycosauriaj  and  lies  midway  between  the  typical  Theriodantia 
and  the  Dicynodontia,  It  is  to  this  suborder  that  Dflphinognaihus 
may  be  referred,  though  it  forms  a  family-type  distinct  from  the 
uElurosanrida,  distinguished  by  the  conical  parietal  with  a  large 
foramen,  the  anterior  supra-condylar  notch  in  the  squamosal  bone, 
and  other  modifications  of  the  skull  and  teeth. 

2.  **  On  Further  Evidence  of  Endoth'odon  bnthysioma  (Owen)  from 
Oude  Kloof,  in  the  Nieuwveldt  Mountains,  Cape  Colony."  By  Prof. 
H.  G.  Seeley,  F.R.S.,  F.G.S. 

Two  bones  found  by  Mr.  T.  Bain  at  Oude  Kloof,  consist  of  the 
left  ramus  of  the  mandible  and  what  the  author  regards  as  the  left 
squamosal  bone  of  E,  bathynloma.  The  small  cranial  fragment  pre- 
served shows  that  the  cerebral  region  probably  conformed  to  the 
type  of  skull  «een  in  some  of  the  Dicynodonts. 

A  description  of  the  remains  is  given,  and  the  author  notices  that 
the  form  of  the  articular  condyle  indicates  a  difference  from  Diryno- 
dohtia  and  all  other  Anomodontia  hitherto  described ;  it  implies  an 
oblique  forward  inclination  of  the  quadrate  bone — a  character  im- 
portant in  defining  the  suborder  Endothindontia.  All  the  characters 
of  the  dentition  of  the  animal  suggest  near  affinity  with  the  Therio- 
doniia,  especially  the  long  lancelolate  teeth  strongly  serrated. 

3.  *'  On  the  Discovery  of  Mammoth  and  other  Bemains  in 
Endsleigh  Street,  and  on  Sections  exposed  in  Endsleigh  Gardens, 
Gordon  Street,  Gordon  Square,  and  Tavistock  Square,  N.W."  By 
Henry  Hicks,  M.D.,  F.R.S.,  Secretary  of  the  Geological  Society. 

In  this  paper  the  author  gives  a  description  of  the  deposits  over- 
lying the  loam  in  which  the  remains  of  the  Matnmoth  and  other 
animals  were  found  in  Endsleigh  Street,  N.W.  Under  about  6  feet 
of  made  ground  there  was  about  10  feet  of  a  yellowish-brown  clay 
containing  flints  and  much  *  race.*  Below  the  clay  there  was 
about  5  feet  of  sand  and  gravel,  and  under  this  about  1  foot  of 
clayey  loam,  in  which  most  of  the  bones  were  embedded.  This 
loam  contained  many  seeds,  recognized  by  Mr.  Clement  Reid, 
F.G.S.,  as  being  those  of  plants  usually  found  in  marshy  places  or 
ponds  and  having  a  range  at  present  from  the  Arctic  Circle  to  the 
South  of  Europe.  A  list  of  the  bones  found  is  given  by  Mr.  E.  T. 
Newton,  F.G.S.,  of  the  Museum  of  Practical  Geology,  Jermyn 
Street,  who  describes  them  as  being  those  of  one  full-grown 
Mammoth,  of  another  about  half-grown,  of  the  Red  Deer,  the  fossil 
Horse,  and  of  a  small  rodent 

The  author  gives  sections  through  Endsleigh  Street  and  along 
the  southern  side  of  Endsleigh  Gardens,  and  shows  that  where  the 
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bonei  were  found  there  wes  a  distinot  valley  in  the  London  Clay, 
TTmning  in  a  direotion  nearly  due  north  and  south,  the  inclination 
of  the  Talley  being  towards  the  north.  The  London  Clay  reached 
nearest  to  the  snrfsoe  towards  St.  Pancras  Church  and  in  Upper 
Wobum  Plaoe,  the  total  thickness  of  the  overlying  deposits  and  the 
made  gromid  there  being  only  about  12  feet. 

Other  seotions,  given  along  the  southern  side  of  Tavistock  and 
Gordon  Squares  and  through  GU)rdon  Street  and  the  western  side 
of  Gordon  Square,  show  varying  thicknesses  of  the  deposits,  over- 
lying the  uneven  floor  of  London  Clay,  of  from  16  to  21  feet;  the 
greateat  thichness  here  is  found  at  the  north-western  corner  of 
Grordon  Square. 

Seeds  were  also  discovered  in  a  loam  near  the  bottom  of  Gordon 
Street,  at  the  same  horizon  as  that  containing  the  mammalian 
remains,  and  some  shells  were  found  in  a  band  of  sandy  clay 
under  a  calcareous  deposit,  about  half-way  down  the  western  side 
of  Gordon  Square. 

The  Author  says  that  the  deposits  above  the  mammal iferous 
loam  overlying  the  London  Clay  in  this  area  cannot  be  clansed  as 
post-Glacial  river-deposits,  but  must  be  considered  as  of  Glacial 
origin,  llie  animals,  therefore,  which  evidently  died  on  the  old 
land-surface  where  their  remains  were  found,  lived  there  early 
in  the  Glacial  period. 

4.  "  The  Morphology  of  SUphanoceras  zigzag,**  By  S.  S.  Buckman, 
Esq.,  P.G.S. 

Material  which  has  come  into  the  author*s  possession  throws  light 
on  the  developments  of  Stephanoceras  zigzag,  and  such  developments 
seem  to  supply  missing  links  in  the  connexion  of  Bathonian  and 
Bajocian  species. 

The  author  separates  the  developments  of  S,  zigzag  into  three 
series,  and  discusses  the  allied  forms  of  each. 


IL— June  8th,  1892.— W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S., 
President,  in  the  Chair.     The  following  communications  were  read  : 

1.  "  The  Tertiary  Microzoic  Formations  of  Trinidad,  West  Indies." 
By  R.  J.  Lechmere  Guppy,  Esq.  (Communicated  by  Dr.  H.  Wood- 
ward, P.R.S.) 

After  giving  an  account  of  the  general  geology  of  the  island,  and 
noticing  previous  memoirs  devoted  to  that  geology,  the  author 
describes  in  detail  the  characters  of  the  Naparima  Beds,  to  which  he 
assigns  an  Eocene  and  Miocene  age.  He  considers  that  the  Nariva 
Marls  are  not  inferior  to  but  above  the  Naparima  Eocene  Marls,  and 
are  actually  of  Miocene  date. 

Details  are  given  of  the  composition  and  characters  of  the 
'argiline,'  the  foraminiferal  marls  occasionally  containing  gypsum, 
and  the  diatomaceous  and  radiolarian  deposits  of  Naparima. 

The  Pointapier  section  is  then  described,  and  its  Cretaceous  Beds 
considered,  reasons  being  given  for  inferring  that  there  was  no 
break  between  the  Cretaceous  and  Eocene  rocks  of  the  Parian  area. 

Detailed  lists  of  the  foraminiferal  faunas  of  the  marls  are  given, 
with  notes. 
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The  author  observes  that  the  Eocene  molluscan  fauna  of  Trinidad 
shows  no  near  alliances  with  other  known  fannas,  thus  differing 
from  the  well-known  Miocene  fauna  of  Haiti,  Jamaica,  Cuba,  Trin- 
idad, and  other  localities.  Only  one  mollusc  is  common  to  the 
Eocene  and  Miocene  of  the  West  Indies.  The  shallow- water  font- 
minifera,  are  found  in  both  Eocene  and  Miocene,  whilst  the  deep- 
water  foraminifera  are  nearly  all  of  existing  species. 

It  would  ap|)ear  that  during  the  Cretaceous  and  Eocene  periods  a 
sea  of  variable  depths  (up  to  1000  fathoms)  occupied  the  region  now 
containing  the  microzoic  rocks  of  Trinidad,  whilst  a  moantain-range 
(which  may  be  termed  the  Parian  range)  extended  continuously 
from  the  north  of  Trinidad  to  the  littoral  Cordillera  of  Venezuela, 
forming  the  southern  boundary  of  the  Caribbean  continent,  and 
possessing  no  large  streams  to  transport  mechanical  sediment  into 
the  Cretaceo- Eocene  sea  which  opened  eastward  into  the  Atlantic. 

An  Appendix  by  Mr.  J.  W.  Gregory  deals  with  the  microscopic 
structure  of  the  rocks. 

2.  "  The  Bagshot  Beds  of  Bagshot  Heath  (a  Rejoinder)."  By  the 
Rev.  A.  Irving,  D.Sc.,  F.G.S. 

The  author  maintains  that  the  northerly  attenuation  of  the  Lower 
Sands  and  of  the  *  green-earth  series'  between  the  two  principal  brick- 
clays  of  the  district  is  an  established  fact     He  insists  on  the  value 
of  the  Wellington  College  well-section  as  a  vertical  datum-line,  on 
account  of  its  proximity  to  the  northern  outcrop  (which  is  not  the 
case  with  the  Goldsworthy  section).     But  it  does  not  stand  alone, 
for  the  well-section  at  the  Bagshot  Orphan  Asylum  gives  practically 
the  same  sequence,   and   affords   strong  evidence  of  the  thinning 
northward  of  the  above-named  deposits.     (Other  instances  cited  by 
the  author  in  *  Recent  Contributions,'  etc.,  corroborate  the  reading 
he   has   adopted.)      The   Goldsworthy    section    itself   lends   strong 
corroborative  evidence  as  to  the  value  of  the  College  well-section. 
The  evidence  of  attenuation  in  the  direction  of  Bracknell  the  author 
reserves  for  the  present     In  his  paper  published  in  the  February 
number  of  the  Society's  Journal  for  the  current  year,  Mr.  Monckton 
ignores  the  determinative  value  of  stratigraphical  alignment  of  the 
clays  claimed  as  the  basal  clays  of  the  Middle  group  with  clays  of 
the  same  character  seen  cropping  out  from  below  the  *  green-earth 
series '  at  no  great  distance.     This  evidence  of  stratigraphical  align- 
ment must  be  allowed  due  weight  when  set  against  evidence  derived 
from  such  lithological  characters  as  the  presence  of  pipe-clay,  mica, 
and  false- bedding.     The  author  considers  that  the  argument  as  to 
the  fossil  evidence  is  over-stated  in  the  above-mentioned  paper. 

After  criticizing  some  of  the  remarks  in  Mr.  Monckton's  paper, 
the  author  adds  some  notes  on  the  sections  at  Farley  Hill,  Bearwood, 
and  Wokingham. 

3.  "  Notes  on  the  Geology  of  the  Nile  Valley."  By  E.  A.  Johnson 
Pasha  and  H.  Droop  Richmond,  Esq.  (Communicated  by  Norman 
Tate,  Esq.,  F.G.S.) 

The  rocks  on  either  side  of  the  Nile  are  chiefly  Eocene  (and 
Cretaceous  ?)  from  Cairo  to  Esneh ;  south  of  this  is  sandstone,  which 
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the  authors  believe  to  be  Carboniferous  and  to  yield  possible  indica- 
tions of  ooal,  reaching  to  near  Assouan,  where  it  meets  the  granite 
and  basalt  of  that  region ;  a  few  miles  south  the  sandstone  begins 
again  and  oontinues  to  Wadj  Haifa,  broken  only  by  granite  dykes. 

The  granite  is  intrusive  into  and  alters  the  sandstone,  whilst  the 
latter  reposes  upon  the  basalt,  and  in  some  cases  was  deposited 
against  upstanding  basaltio  masses.  Unmistakable  lavas  occur  near 
the  Nile  12.  of  Minieh  and  W.  of  Assiout. 

A  description  of  some  remarkable  faults  is  given,  and  various 
minerals  are  noticed  as  ooourring  in  the  sedimentary  rocks  and  the 
bed  of  an  anoient  river. 


PERMIAN  IN  DEVONSHIRE. 

Str, — After  a  careful  perusal  of  the  article  on  this  subject  in  this 
month's  Number  of  the  present  volume  (pages  247-250)  by  Mr. 
W.  A.  E.  Usaher,  I  am  rather  at  a  loss  to  see  the  actual  drift  of  it 
The  author  shows  he  is  acquainted  with  several  foreign  geologists ; 
and  that  he  has  seen  the  German  Rothliegendes  ;  he  quotes  opinions 
of  one  or  two  foreigners  (notably  Herr  von  Beinaoh)  which  cor- 
roborate my  assignment  in  1888  of  the  breccia-series  of  Devon  to 
the  age  of  the  Rothliegendes  (pp.  247,  248) ;  and  a  little  further 
down  (p.  248)  he  puts  forward  a  "  probable  correlation "  of  the 
Devon  series  of  Teignmouth  and  Dawlish  with  rocks  of  the  Nahe 
district,  which  agrees  in  all  essential  matters  with  the  paralleligm 
drawn  in  my  papers  (in  the  Q.J.G.S.  of  1888  and  1892)  between 
the  Devon  breccia-series  and  the  Rothliegends  of  the  Thuringen 
country,  and  of  the  country  further  east  in  Central  Germany, 
particularly  in  the  Gera  district, — a  parallelism  based  on  previous 
first-hand  knowledge  of  the  German  series.  I  commend  these 
regions  with  that  around  the  Hartz  to  any  one  who  wishes  to 
know  the  German  Rothliegendes. 

While,  then,  1  entirely  agree  with  Mr.  Ussher  that  **  no  correlation 
framed  on  a  partial  or  even  intimate  acquaintance  with  the  South 
Devon  coast-section  only  can  be  regarded  as  conclusive,"  I  must  ask 
you  to  allow  me  to  remind  readers  of  the  Geol.  Mag.  of  the  two 
papers  published  by  me  in  the  vear  1884,  (1)  "On  the  Dyas  and 
Trias  of  Central  Europe"  (Q.J.G.S.),  (2)  '*0n  the  Permian-Trias 
Question"  (Geol.  Mao.);  papers,  of  the  existence  of  which  Mr. 
Ussher  could  not  have  been  ignorant  at  the  time  he  penned  the 
paragraph  which  opens  with  the  above-quoted  remark  (pp.  248,  249), 
and  of  the  value  of  which  M.  Jules  Marcou  expressed  his  strongest 
appreciation  to  me  at  the  time. 

The  information  given  on  p.  248  respecting  the  contemporaneous 
igneous  rocks  of  the  Nahe  country  adds  little  or  nothing  to  our 
previous  knowledge  of  them,  since  we  read  in  Credner's  *  Geologic ' 
(6th  edition,  1887),  "The  two  lower  groups  [of  the  Rothliegendes 
of  the  Saar-Rheingebiet]  are  grouped  by  E.  Weiss  as  Carboniferous 
Bothliegendea,  described  by  von  Dechen  as  Carboniferous  rockft  igc^t 
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in  coal-seams.  During  their  deposition  very  nnmeroos  emptions  of 
felsite-porpbyry,  melaphyre,  palatinite,  and  porphyrite  occurred, 
and  formed  dykes,  intrusive  layers,  and  tabular  lava-flows  (platten- 
farmige  Eflfusionsschicbt^n)  between  tbe  sedimentary  rocks"  (p.  616). 
Furtber  details  of  tbe  stratigraphy  are  also  given  (/oc  ciL), 

I  am  glad  to  find  my  contention  in  tbe  paper  which  appeared  last 
February  (Q.J.G.S.)  supported  by  tbe  establishment  by  Professor 
Biicking  of  the  lithological  identity  of  some  of  those  rocks  with 
igneous  rocks  of  tbe  Devon  Permian ;  although,  as  an  argument 
based  on  tbe  assumption  of  a  strict  temporal  order  of  succession 
among  igneous  rocks,  it  has  not  much  weighed  with  me.  I  must 
remind  Mr.  Ussher  that  those,  who  know  how  the  basis  of  our 
classification  of  tbe  Midland  Permian  and  Trias  was  laid  for  us  by 
tbe  labours  of  Prof.  Hull  in  former  years,  can  hardly  be  expected  to 
admit  bis  statement  on  p.  249,  that  *'the  Midland  sections  owe  their 
importance  as  a  basis  for  correlation  entirely  to  the  merits  of  the 
assumed  correctness  of  their  classification  with  reference  to  the 
German  types."  The  fact  that  the  Devon  and  Midland  areas  were 
at  the  time  disconnected  does  not  affect  the  question,  as  a  careful 
study  of  my  papers,  and  that  of  Prof.  Hull  (1892),  will  make  clear 
to  any  candid  mind ;  papers  based  on  observations  by  no  means 
limited  to  tbe  coast- section. 

Wellington  College,  Berks.  A.  Ibvino. 

13M  June,  1892, 

CONE-IN-CONE  STRUCTURE. 
Sir, — Mr.  Young's  statement  that  "The  apices  are  invariably 
turned  to  the  under  or  lower  side  of  tbe  structure  while  their  baset 
are  as  invariably  directed  to  the  upper  surface,"  *  is  certainly  not  of 
universal  application.  In  addition  to  examples  instanced  by  Mr. 
Barker,^  from  the  Lingula  Flags  and  Lias  shales,  I  may  mention 
specimens  of  my  own  of  concretions  from  the  pencil  slates  in  Swin- 
dale  and  from  Carboniferous  shale  in  Northumberland,  which  exhibit 
a  similar  radial  arrangement  of  the  cones.  But  the  beds  which 
afford  the  most  striking  refutation  of  Mr.  Young's  statement  are  the 
Coal  seams,  for  it  is  in  these  beds  that  the  structure  is  by  far  the 
most  extensively  developed  portions  of  some  seams  several  inches  in 
thickness  being  made  up  of  these  cones.  Examination  of  numerous 
specimens  from  the  coal  fields  of  Durham  and  South  Wales  show 
two  systems  of  arrangement  of  tbe  cones — one,  where  the  cones 
have  formed  at  right  angles  to  certain  laminae  of  deposition  and 
on  both  sides  of  such  laminae  which  are  ^1  inch  in  thickness,  so 
that  the  apices  of  tbe  cones  above  point  downwards,  whilst  those 
below  point  upwards,  both  sets  of  cones  having  evidently  formed 
outwards  from  the  same  set  of  laminae.  But  the  commonest  dis- 
position of  the  cones,  especially  in  the  Durham  seams,  is  parallel  to 
the  bedding  planes,  and  although  the  apices  often  run  for  some 
distance  pointing  in  a  constant  direction,  cases  are  of  frequent  occur- 
rence where  the  bases  of  the  cones  start  back,  the  apices  being 
directed  away  from  each  other. 

'  Geol,  Mao.  for  March,  1892,  p.  138.  *  Op,  eit.  May,  1892,  p,  240. 
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I  do  not  see  how  Mr.  Young's  theory  of  the  origia  of  Cone-in- 
oone  structure  hy  the  upward  escape  of  gases  bringing  up  from 
below  Buccessive  layers  of  plastic  mud  can  possibly  apply  to  the 
balk  of  such  concretions.  E.  J.  Qabwood. 


FLEXIBLE  SANDSTONE. 

Sir, — ^I  have  read  an  interesting  paper  by  Mr.  Q.  W.  Card, 
A.R.S.M.,  in  the  March  number  of  the  Gsological  Magazine  '^  on 
the  flexibility  of  rocks,"  and  as  there  have  of  late  been  several 
allusions  to  this  subject  in  the  press.  I  venture  to  bring  the 
following  facts  under  your  notice. 

About  eleven  years  ago  a  friend  presented  me  with  a  piece  of 
flexible  sandstone  which  he  had  brought  from  India.  I,  in  turn, 
gave  the  specimen  to  my  friend  and  chief,  the  late  Mr.  C.  S. 
Wilkinson,  F.G.S.,  Government  Geologist  of  N.S.W. 

Mr.  Wilkinson  was  greatly  interested  in  the  peculiarities  of  the 
stone,  and  after  devoting  some  time  to  their  investigation  he  informed 
me  that  he  felt  convinced  that  the  flexibility  was  due  to  the  presence 
of  interstices  between  the  grains  of  sand,  and  to  the  interlocking  of 
the  latter.  He  believed  the  interstices  to  be  due  to  the  shrinking  of 
the  cementing  clay  by  loss  of  moisture,  and  in  order  to  test  his 
theory  he  immersed  the  specimen  in  water,  with  the  result  that  after 
some  time  it  became  rigid.  After  again  thoroughly  drying  the 
stone  he  found  that  its  flexibility  was  completely  restored. 

Mr.  Wilkinson  was  in  the  habit  of  showing  this  specimen  and 
explaining  the  cause  of  its  flexibility  to  visitors  for  some  yeara 
before  Mr.  Oldham's  paper  on  the  Delhi  sandstone  was  written, 
and  there  is  no  doubt  in  my  mind  that  to  him  (Mr.  Wilkinson)  is 
due  the  credit  of  first  recognising  the  cause  of  the  flexibility  of  the 
Indian  sandstone.  Edward  F.  Pittman,  A.R.S.M. 

Geological  Survey,  N.  S.  Wales,  Government  Geologist. 

Department  op  Mines,  Sydney,  9M  May^  1892. 


STEPHEN    AUSTIN. 

Born  1804.     Died  21st  May,  1892. 

By  the  death  of  Mr.  Stephen  Austin,  in  his  88th  year,  the  Editor 
of  this  Journal  has  been  deprived  of  an  old  and  much  valued  friend, 
whose  name  must  also  now  be  familiar  to  all  his  Contributors  as 
the  printer  of  the  Geological  Magazink,  since  December  1865. 
The  firat  two  volumes  (1864r-6o)  were  printed  by  Messrs.  Spottis- 
woode  &  Co. ;  but  the  last  twenty-seven  volumes  have  been  issued 
from  the  printing  press  of  the  well  known  firm  of  Messrs.  S.  Austin 
&  Sons,  Printers,  Hertford,  the  excellence  of  whose  work  has  largely 
contributed  to  maintain  the  reputation  of  this  Journal  during  more 
than  a  quarter  of  a  century  that  it  has  been  in  their  hands. 

This  noted  firm  has  been  established  in  Hertford  since  1768, 
having  in  that  period  passed  through  the  hands  of  four  generations 
of  *•  Stephen  Austins." 
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Mr.  Austin's  name  will  be  best  known  to  the  world  at  large  as 
one  of  the  first  and  most  celebrated  printers  of  Oriental  Literature. 

Mr.  Austin  and  his  father  were  the  appointed  printers  and  book- 
sellers to  the  Kast  India  Companj^'s  College,  the  work  of  which 
while  Uailoybury  was  being  built,  was  carried  on  at  Hertford  Castle. 
Mr.  Stephen  Austin  retained  that  position  until  the  Company  was 
.dissolved  in  1858 ;  and  it  was  under  the  auspices  of  the  authorities 
of  that  institution  that  he  commenced  the  printing  and  publishing 
at  Hertford  of  works  in  various  Oriental  languages.  Up  to  that 
time  great  difficulty  had  been  experienced  in  procuring  the  different 
Oriental  books  required  by  the  students  in  their  studies ;  those  that 
were  obtainable  were  only  to  bo  had  at  great  cost,  while  the  type 
used  was  so  bad  and  the  paper  of  such  indifferent  quality  that  the 
books  were  oftentimes  almost  illegible.  It  was  somewhat  of  a 
revolution,  therefore,  when  "The  Hitopadesa"  was  printed  with 
new  Sanskrit  type  at  Hertford  in  1847,  as  at  that  date  there  were 
not  more  than  one  or  two  Oriental  printera  in  England,  and  thence- 
forward during  successive  years  a  great  number  of  books  printed  in 
Sanskrit,  Bengali,  Arabic,  Persian,  Pushto,  Hindustani,  Hindi, 
Hebrew,  and  other  Eastern  languages,  as  well  as  in  Greek,  Latin, 
and  French,  were  issued  from  the  Hertford  Press  of  Stephen 
Austin,  which  in  due  time  acquired  a  world-wide  reputation  for 
Oriental  printing,  and  many  of  the  finest  specimens  of  Oriental 
typography  now  extant  boar  his  name.  The  skill  and  taste  dis- 
played in  these  productions  were  acknowledged  by  the  presentation 
to  Mr.  Austin  of  gold  medals  by  her  Majesty  the  Queen  and  the 
Empress  of  the  French,  by  the  award  of  medals  of  the  first  class  at 
the  International  Exhibitions  held  in  London  and  Paris,  and  by 
testimonials  from  many  of  the  mOvSt  eminent  Oriental  scholars  of 
Europe  and  India;  and  in  the  year  1883  the  Congr^  International 
des  Orion talistes  presented  their  diploma  to  Mr.  Austin  for  servioea 
rendered  to  Oriental  literature. 

After  the  abolition  of  the  East  India  Company's  College  at 
Haileybury,  Mr.  Austin  was  mainly  instrumental  in  rescuing  this 
historical  place  of  learning  from  becoming  an  asylum  or  workhooae, 
and  establishing  the  present  successful  Public  School  there;  and  In 
1882  the  Council  of  Haileybury  College  acknowledged  Mr.  Austio's 
valuable  exertions  by  the  presentation  of  a  handsome  aervioe  of 
plate. 

In  1834  Mr.  Austin  established  tho  "Reformer"  Newspaper,  now 
called  the  **  Hertfordshire  Mercury,"  which  he  has  carried  on  saooess- 
fully  for  more  than  fifty  years. 

It  would  be  impossible  to  speak  here  of  all  the  publio  offices 
Mr.  Austin  held  during  his  long  life  in  connection  with  his  native 
town  and  county,  or  of  the  many  marks  of  esteem  and  regard  which 
he  received.  He  leaves  five  sons  and  four  daughters  to  cherish  his 
memory,  and  wlio  will  share  with  many  associates  a  tender  regret 
for  the  loss  to  them  of  an  honoured  parent,  and  to  us,  of  a  dear  and 
valued  friend.  H.  W. 
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I. — On  the  Amxrkjan  Palaozoto  Gastebopod,  Trbmatonotos 
(Hall  kmbmd.  P.  Fisoheb),  and  its  Identification  in  Britain  ; 
WITH  Dbsoription  OF  A  Nsw  Speoies. 

By  R.  BvLLBN  Nbwton,  F.G.8.  ; 
of  the  British  Museum  (Natural  History). 

(PLATE  IX.) 

PBOFESSOR  JAMES  HALL'S »  discovery,  in  1864,  of  bis 
remarkable  genus  TrevMUonoiuSt  in  tbe  Niagara  rooks  of  Norfb 
Ameiica,  formed  an  interesting  and  valuable  addition  to  bis  re- 
searcbes  in  conobologioal  science. 

Tbe  special  features  of  tbis  sbell  consist  in  its  Belleropbontoid 
appearance,  coupled  witb  tbe  presence  of  a  single  row  of  isolated 
perforations  on  tbe  central  part  of  tbe  dorsal  surface.  It  was  some- 
what  erroneously  regarded  by  its  autbor  as  a  sub-genus  of  Leveillia ' 
(Poreellia),*  tbougb  its  unique  cbaracters  would  mark  it  as  a  distinct 
form,  and  probably  more  intimately  related  to  tbe  well-known 
Haliotis  of  our  modem  seas  tban  to  any  otber  known  sbelL 

Mr.  F.  B.  Meek,*  in  1866,  considered  tbe  cbaracters  of  HalFs 
genus  as  affording  tbe  evidence  required  to  finally  prove  tbe  Proso- 
brancbiate  affinities  of  tbe  Bel leropbon tides,  an  opinion  wbicb  the 
late  Professor  de  Eoninck^  advanced  as  long  ago  as  1844  after 
a  careful  comparison  of  tbe  genus  Emargtnula  witb  tbe  extinct 
Bellerophon,  Tlie  views  of  tbe  Belgian  palaeontologist  on  tbis  point 
were  very  partially  recognized,  and  only  received  adoption  from 
Alcide  d'Orbigny*  in  1852,  and  Pictet'  in  1855,  since  which  dates 
they  were  classed  with  the  Heteropods,  until  Meek's  observations 
led  to  a  reconsideration  of  tbe  subject,  and  a  general  acknowledge- 
ment that  the  banded  shells  of  the  Prosobranchiate  Mollusca  must 
henceforth  include  the  family  of  the  Bellerophontidae. 

The  type  species  of  TrematonotuSy  and  the  only  one  then  described, 
was  T.  alpheuSf  a  name  since  ignored  in  favour  of  McCbesney's 

^  Eighteenth  Report  Regents  University,  New  York,  1864,  p.  347 ;   Twentieth 
ditto,  1867,  pL  xv.  figs.  23,  24. 
^  R.  B.  Newton,  Gbol.  Mao.  1891,  PI.  VI.  p.  202. 
'  C.  L^veill6,  M6m.  Soc.  G6ol.  France,  1835,  vol.  2,  part  1,  p.  39. 

•  Proc.  Chicago  Ac.  Sci.  1866,  vol.  1,  p.  9. 

•  Desc.  Aniraaux  Foss.  Carh.  Belgique,  1844,  pp.  331-338. 

•  Cours  eldm.  Paleontologie  G6ologie,  1852,  vol.  2,  p.  33. 
'  Traits  Paleontologie,  1855,  ed.  2,  vol.  3,  p.  287. 
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Bucanta  Chteagoennts^  of  an  earlier  date,  and  which  is  doubtlen 
synonomous  with  it,  as  pointed  out  by  S.  A.  Miller.'     A  seoond 

species  was  recorded  by  Messrs.  Hall  and  Whitfield.'  in  1875,  as 
T.  (?)  trigonostoma,  the  authors  placing  a  query  against  the  genas 
because  they  were  unable  to  distinguish  the  perforations  in  con- 
sequence of  the  obscurity  of  the  dorsal  region  of  their  specimen. 
Both  these  species  were  obtained  from  the  Niagara  formation  of 
Illinois  and  Ohio  in  the  United  States. 

Another  Palaeozoic  shell  exhibiting  a  single  row  of  openings  on 
its  whorls  is  d'Orbigny*s  Polyiremaria}  founded  on  De  Koninck's 
type  of  Pleurotomaria  catenata^  from  the  Carboniferous  Limestone 
of  Belgium,  lliis  form  is  sufficiently  distinct  not  to  be  confounded 
with  TrematonotuB,  being  a  small  trochiform  shell  possessing  a  wavy 
band  round  its  volutions,  resulting  in  a  series  of  what  may  be 
termed  pseudo-perforations.  De  Koninok,*  following  d'Orbigny,' 
relegated  it  to  the  Haliotidse. 

The  genus  Salpingoatoma^  of  F.  Hoemer,  is  also  a  shell  with 
Bellerophontoid  characters  but  having  a  wide  umbilicus  and  bearing 
on  its  dorsal  region  a  single  elongate  slit  considerably  removed  from 
the  apertural  margin.  Its  type  is  the  Bellerophon  megalastoma  *  of 
Eichwald  from  the  Silurian  rocks  of  Russia.  Dr.  Paul  Fischer 
makes  reference  to  another  perforate  shell  under  the  name  of  Gyro- 
tremdf^^  but  this  is  ascertained  to  be  merely  a  manuscript  genus  of 
Barrande's  which  has  been  used  for  list  purposes  by  Dr.  J.  J. 
Bigsby  *^  and  consequently  of  no  zoological  value  until  it  is  described 
and  figured. 

The  Silurian  genus  Tuhtna "  from  Bohemia  has  three  rows  of 
tubular  spines  on  its  dorsal  region,  which,  however,  are  rarely  pre- 
served, as  they  become  detached  and  then  have  all  the  appearance  of 
true  perforations.  One  specimen  of  this  genus  in  the  British  Museum 
exhibits  the  spines  in  situ  and  is  the  same  species  as  that  figured 
in  Sir  Richard  Owen's  **  PalsBontology  "  under  the  name  of  Tauhin 
armata,  Barrande  (MS.)  This  genus  is  placed  by  Dr.  Fischer  in  the 
DelphinuUdsB. 

The  character  of  the  orifices  in  Trematonotus  was  considered  of  suf- 
ficient importance  by  Mr.  Ralph  Tate  *^  to  claim  the  genus  as  a  member 

*  Trans.  Chicago  Ac.  Sci.  1869,  vol.  1,  pi.  yiii.  figs.  4,  6,  p.  69. 

*  North  American  Geology  and  Palaeontology,  1889,  p.  428. 

»  Rep.  Geol.  Surv.  Ohio,  1875,  vol.  2,  part  2,  pi.  8,  fig.  6,  p.  146. 

*  Prodrome  Paleontologie,  1849,  vol.  1,  p.  122. 

*  Desc.  Anira.  Foss.  Carb.  Belgique,  1844,  pi.  ixiii.  fig.  1,  p.  374. 

*  Faun.  Calc.  Carbonif.  Belgique,  Ann.  Mus.  K.  Hist.  Nat.  Belgique,  18S3, 
vol.  8,  part  4,  p.  10. 

'  Cours  cl^ra.  Paleontologie,  1852,  vol.  2,  p.  21. 

®  Lethwa  geognostica  (Palaeozoica)  1876,  pi.  v.  fig.  12. 

«  Silurische  Schicht.  Esthland,  1840,  p.  111. 

10  Manuel  Conchyl.  1885,  p.  854.  "  Thesaurus  Siluricus,  1868,  p.  16; 


"Manuel  Conchyliologie,**  1886,  woodcut,  fig.  587;  pp.  830,  831. 
^'  Appendix,  S.  P.  Woodward's  Manual  of  Mollusca,  1868,  p.  39. 
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Baliotidse,  and  by  this  classification  he  at  once  added  a  far 
antiquity  to  the  family  than  had  hitherto  been  accorded  it. 
sition  for  the  gen  as  would  appear  to  be  the  most  natural  one 
Id  be  suggested,  since  we  may  fairly  assume  that  the  open- 

the  dorsal  surface  would,  during  the  life  of  the  mollusc,  be 
r  the  ejectment  of  foecal  matters  and  for  supplying  the 
B  with  water,  as  is  known  to  be  the  case  in  the  existing 
Some  interesting  observations  on  this  feature  of  the 
genus  were  published  a  few  years  ago  by  Mr.  Edgar  A. 
when  recording  a  species  of  Haliotis  exhibiting  the  abnorm- 

two  rows  of  perforations.     In   his  remarks  he  gives  the 

of  the  anal  and  branchial  regions  as  immediately  beneath 
ces. 

the  publication  of  the  second  species  of  Trematonotus,  in 
othing  further  respecting  its  history  has  appeared ;  and  it 
d  that  a  notice  of  its  occurrence  elsewhere  may  prove  a 
of  considerable  interest  to  the  palasontologist. 
new  material  suggesting  this  communication  consists  of  two 
irked  shells,  which  appear  to  be  referable  to  this  genus,  and 
ig  homotaxially  to  the  same  horizon  as  the  American  species, 
been  obtained  from  the  Wenlock  Beds,  in  the  neighbourhood 
By.  They  originally  formed  part  of  the  celebrated  "  Johnson 
>n,"  now  in  the  possession  of  the  Geological  Department  of 
ish  Museum. 

ssor  Hairs  rendering  of  the  generic  name  was  Tremanolns ; 
ugh  an  inaccurate  compilation  of  that  word  Dr.  Paul  Fischer 
le  it  the  occasion  of  an  alteration,  and  it  now  appears  as 
notua.^  The  original  diagnosis  stands  as  follows : — "  Volutions 
tly  in  the  same  plane ;  umbilicus  on  both  sides ;  aperture  ex- 
;  the  dorsal  line  pierced  by  several  oblong  perforations." 

Trematonotus  Britannicus,  n.sp. 

^  characters. — Shell  symmetrical,  discoidal,  cordiform,  with 
itions ;  umbilicus  obscure  ;  dorsal  surface  narrow  near  spiral 

then  suddenly  expanding,  convex,  thinning  out  towards 
with  a  gradual  reflection ;  central  ridge  composed  of  slightly 
)longate  perforations  which  cease  after  extending  to  about 
ths  the  length  of  the  shell ;  ornamented  with  rather  closely- 
y  striae,    running   parallel   to  the  central  ridge,  which   are 

outwards  as  they  reach  the  expansion,  and  marked  trims- 
with  several  arched  lines  of  growth.     The  ventral  surface 

much  expanded  aperture,  wedged  in  which  is  the  elliptically- 
vhorl  containing  the  inner  volutions ;  this  whorl  bears  traces 
►erforations  which  are  probably  more  or  less  filled  up ;  the 
imber  is  cordiform  and  deep  and  is  bordered  by  a  wide  and 
g  lip  which  is  thin,  slightly  convex,  and  ornamented  with 
radiating  strisd ;  aperture  entire. 
mons. — Height  =  90  mm.;    width  (maximum)  =  65  mm.; 

*  Annals,  1888,  pp.  419-421. 
«  Manuel  Conchyl.  1885,  p.  854. 
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length  of  ventral  aspect  of  volution  =  35  mm. ;  width  of  ventnl 
aspect  of  volution  =  18  mm.;  width  of  the  lip  ^  15  mm. 

Ohaervntions. — The  most  perfect  of  the  two  specimens  sbowi 
both  surfaces  but  dorsally  the  expansion  is  obliterated  by  matrix. 
The  perforations,  though  perhaps  not  quite  so  regularly  placed  «• 
observed  in  HalFs  drawing  of  the  type  species,  are  neverthelea 
prominent  and  unmistakeable.  They  are  somewhat  obscure  on  the 
ventral  face  of  the  whorl,  where  probably  they  are  more  or  len 
filled  up;  but  slight  risings  and  depressions  in  the  central  ridge 
seem  to  indicate  their  presence.  Viewed  dorsally  this  character  is 
more  striking.  Here  the  holes  are  narrow  and  elongate,  the  central 
one  being  longest ;  they  are  raised  and  quite  distinct,  with  a  depree* 
sion  between  each.  After  extending  to  within  about  three-fifths  the 
length  of  the  shell  the  perforations  cease  and  the  central  rid«i;e 
becomes  more  or  less  merged  in  the  longitudinal  strie  whii^ 
ornament  the  fossil.  Adherent  to  the  surfaces  of  this  specimea 
are  some  imbedded  examples  of  Spirorhis  Lewisi  (tenuis),^  and  some 
Polyzoon  growths,  llie  second  specimen  is  a  cast  of  the  dorsat 
surface  only,  in  which  the  siphonal  openings  are  present  but  fewer, 
thus  forming  a  distinction  which  might  be  a  reasonable  excuse  for 
treating  it  as  a  separate  species  but  in  the  absence  of  additional 
material  it  is  perhaps  safest  to  regard  it  as  the  same.  The  expansion 
is  absent  but  the  radiating  striae  observed  near  the  spiral  region 
are  sufficient  to  indicate  its  existence  when  the  shell  was  more 
perfect.  The  margins  in  both  specimens  are  quite  entire,  there  being 
no  evidence  of  an  apertural  sinus.  The  umbilical  areas  have  suffered 
til  rough  pressure  and  are  consequently  obscured,  so  that  their  exact 
limits  cannot  be  accurately  appreciated. 

This  new  species  bears  a  resemblance  to  Bellerophon  dUaiatus  ^  of 
J.  de  C.  Sowerby,  from  the  Ludlow  rocks  of  Burrington  ;  but  that 
shell  is  more  largely  nmbilicated  and  its  central  ridge  is  non- 
perforate.  An  unfortunate  mistake  regarding  this  species  was  made 
by  Mr.  S.  P.  Woodward,  who  figured  on  plate  xiv.  fig.  28  of  his 
celebrated  '*  Manual  of  the  MoUusca"  the  B.  dilatatus  and  named  it 
Bellerophon  expansusy  a  shell  which  has  a  deeply  sinuate  margin 
and  is  altogether  quite  distinct  from  the  more  robust  form  of  the 
other  species  which  has  its  margin  entire. 

This  error  has  been  copied  by  Dr.  Paul  Fischer,  who,  using  the 
same  plates  for  his  "  Manuel "  as  illustrated  Woodward's  earlier 
work,  suggests  a  relationship  between  B.  expansus  and  Trematonotus, 
the  B.  dilatatus  being  clearly  the  form  meant  in  his  reference.  After 
an  examination  of  several  specimens  of  this  species,  both  at  the 
Geological  Museum,  Jermyn  Street,  and  at  the  British  Museum,  no 
trace  of  perforations  could  be  discovered.  The  Wenlock  specimens 
difl*er  also  from  the  type  T.  Chicagoensis,  which  has  a  wide  umbilicofl 
exposing  all  the  spiral  system,  though  in  the  elongate  character  of 
its  dorsal  orifices  it  appears  to  be  remarkably  similar. 

An  analogy,  at  first   sight,  seems   to  exist  between  the  British 

*  Murchison's  Silurian  System,  1839,  pi.  8,  fig.  1,  pp.  616,  617. 
'  Murchison's  Silurian  System,  1839,  pi.  xii.  tigs.  2'6,  24,  p.  627. 
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Bcies  and  T,  (?)  trigonosioma^  if  we  may  jadge  from  Hall  and 
bitfield's  figure,  whioh  exhibits  the  discoid  spiral  region  wedged 

between  the  apertural  lips,  in  other  respects  the  American 
ecies  differs  in  being  deeply  sinuate,  and  possessing  no  perforations. 
In  making  an  examination  of  the  Silurian  Qastropods  in  the 
rmyn  Street  Museum,  through  the  kindness  of  my  former  col- 
igne,  Mr.  George  Sharman,  the  Palceontologist,  my  attention  waH 
reoted  to  three  specimens,  on  a  tablet  numbered  |^},  from  the 
>wer  Lndlow  of  Mary  Knoll,  all  of  which  were  referred  to 
dilataiuB^  though  probably  only  one  of  them  could  with  safety 
I  referred  to  that  species.  One  of  these  three  specimens  had  a  wide 
abilical  region,  as  well  as  some  raised  prominences  on  the  central 
rt  of  its  dorsal  surface,  strongly  suggestive  of  perforations,  and 

other  respects  the  specimen  appeared  to  closely  resemble  the 
inus  TrematonotuB, 

EXPLANATION  OP  PLATE  IX. 
o.  1.  Trematonotut  Britannieua,  R.  B.  Newton.    Ventral  view. 
•.  2.  Dorsal  Tiew  of  same  specimen ;  the  dotted  outline  indicates  the  extent  of 

expansion  which  is  hidden  hy  matrix, 
o.  3.  Profile  of  same  exhibiting  the  reflected  lip  and  the  raised  perforations, 
o.  4.  Dorsal  riew  of  another  specimen  with  fewer  orifices. 

The  figures  are  drawn  of  the  natoral  sise. 

. — Ok   okbtain  Affinities  Bbtwbkn  thb  Devonian  Books  of 
South  Devon  and  the  Metahorphio  Schists. 

(Part  HI.) 

By  A.  R.  Hunt,  M.A. 

{Concluded  from  page  294.) 

The  Intensity  of  the  Metamorphio  Action. 

'  N  the  Devonian  sandstones  and  grits  of  Torbay  abundant  quartz 
.  veins  are  occasionally  developed,  indicating  a  moderate  amount 
'  heat.  Neither  the  quartz-grains  nor  occasional  fragments  of  felspar 
-e  to  any  extent  affected. 

At  Dartmouth,  on  the  raised -beach  platform,  quartz  is  largely 
3veloped  together  with  a  little  felspar  and  chlorite,  indicating 
ifficient  heat  to  form  or  re-form  these  minerals.  At  Slapton  Sands 
;e  grits  are  about  the  same  as  in  Torbay :  felspar  granules  remain 
igular  and  intact 

Between  Beesands  village  and  Tinsey  Head  the  quartz-grains 
Ksasionally  show  signs  of  incipient  solution,  as  also  do  the  tour- 
alines.  In  one  slide  (No.  5)  the  approach  of  schistosity  seems  to 
3  heralded  by  minute  roughly  parallel  cracks  cemented  by  iron 
'es  and  a  pale-green  mica.^  Minute  crystals  of  pyrites,  some 
octangular,  are  formed  in  the  rock.  At  the  Start,  in  rare  cases, 
rains  or  remnants  of  grains  of  original  granitic  quartz  can  be 
jtected  in  the  schist.^  Tourmaline  is  partially  dissolved  with  re- 
ystallization.^  In  the  Bolt  district  no  trace  of  original  minerals 
as  been  detected  even  in  the  least  altered  of  the  schists.  In  the 
iabases  the  amount  of  alteration  is  irregular.     Near  Dartmouth  we 

»  Plate  7,  fig.  2.  »  Plate  7,  fig.  1.  «  Plate  6,  ?^^,  \. 
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meet  with  both  ordinary  fine-grained  diabases,  and  diabases  which 
have  almost  lost  their  original  minerals  by  chemical  processes.  At 
Winslade  quarry,  in  the  same  block,  we  note  an  ordinary  diabase, 
and  a  chloritio  rock  whose  augites  are  almost  past  detection.  Near 
the  Start  we  find  a  metamorphosed  volcanic  rock,  apparently  a 
plagioclase-pyroxene  variety,  which  may  well  have  been  first  altered 
by  chemical  action,  and  subsequently  sheared  and  metamorphosed 
dynamically,  with  development  of  fibrous  hornblende  and  zoisita^ 

The  evidence  of  the  above  rocks,  from  Torbay,  and  more  especially 
from  Dartmouth,  westward,  seems  to  indicate  that  the  passage  is  from 
rocks  affected  by  a  high  temperature  and  pressure,  to  rooks  affected 
by  a  higher  temperature  and  pressure,  the  one  below  and  the  other 
above  the  heat  requisite  for  the  ready  solution  of  the  quartzose, 
schorlaceous  and  felspathio  components  of  the  rocks  involved; 
hydrothermal  conditions  being  prevalent  in  each  case. 

The  Character  of  the  Metauorphosis. 

Hydrothermal  action  would  probably  suffice  to  aooonnt  for  the 
passage  of  the  micaceous  sandstones  into  quartzites,  and  with 
pressure  added,  into  quartz-schists  ;  but  simple  hydrothermal  actioii 
will  not  meet  the  case  of  the  altered  diabases.  Even  so  far  castas 
Dartmouth  we  find  an  uncrushed  diabase  at  Sandquay  with  its 
original  augite  crystals  nearly  obliterated,  and  we  know  from  the 
experiments  of  M.  Daubree  that  augite  is  not  affected  by  plain 
superheated  water.^ 

The  augite  crystals  of  the  South  Devon  diabases  are  often  pierced 
by  laths  of  felspars :  felspar  in  decomposing  would  tend  to  produce 
silicate  of  aluminium— clay.  According  to  Miller,  "the  inter- 
mixture of  lime  magnesia  and  oxide  of  iron  with  clay  .  .  .  causes 
it  to  be  more  readily  attacked  by  acids." '  In  a  decomposing  crystal 
of  augite  pierced  by  felspar,  we  have  the  exact  conditions  for  ac- 
celerating the  action  of  acids,  viz.  the  association  of  lime,  magnesia, 
and  iron  with  clay.  In  ordinary  cases  water,  charged  with  carbonic 
acid  by  decomposing  vegetation,  percolating  through  the  diabase, 
might  in  the  presence  of  heat  go  far  towards  the  production  of 
secondary  felspar,  chlorite,  and  hornblende ;  but  the  complete  meta- 
morphosis undergone  by  the  green  schists  seems  to  call  for  more 
active  agents  in  the  form  of  strongly  acidulated  mineral  waters. 

In  the  green  schists  of  Bickerton  and  Eickham  Sands,  we  have 
granules  of  felspar,*  probably  albite,  embedded  in  a  matrix  consisting 
chiefly  of  chlorite,  and  in  the  former  occasional  epidote  and  carbonates. 

In  the  diabases  we  have  crystals  of  augite  in  a  matrix  of  felspar, 
probably  a  lime-soda  felspar.  In  the  Southern  rock  we  have  a 
magnesian  matrix,  and  in  the  Northern  a  non-magnesian  matrix. 
For  the  passage  of  the  Northern  rock  into  the  Southern ,  as  repre- 

^  Appendix,  slide  40. 

-  (ioologie  Experimentalo,  vol.  i.  p.  207. 

3  Elements  of  Chemistry,  vol.  ii.  (third  edition),  p.  609. 

*  In  these  rucks  there  is  often  a  marked  alineation  of  the  felspar. 
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ed  at  Biokerton,  a  large  aooession  of  magnesia  is  requisite ;  and 
;he  oarbonates  a  considerable  amount  of  carbonic  acid, 
ydro- thermal  and  dynamic  action  combined  seem  to  meet  tbe 
,  provided  that  tbe  super-heated  water  be  sea- water  charged  with 
onio  acid.  An  instance  of  hot  salt  water,  probably  sea-water, 
ig  rise  to  chlorite,  brown  hornblende,  pale-green  actinolite,  and 
tes  is  recorded  by  the  late  Mr.  J.  A.  Phillips  in  the  case  of  the 
I  Seton  Mine.^  Mr.  Ussher  has  sent  me  a  specimen  of  an  acid 
•tive  rock,  occurring  within  a  mile  and  a  half  of  the  metamorphic 
,  whose  quartzes  are  charged  with  fluid  carbonic  acid ;  so  we 
)  evidence  of  volcanic  action,  with  abundance  of  carbonic  acid, 
le  neighbourhood  of  the  green  rocks. 

'ith  magnesia  and  carbonic  acid  available  from  an  outside  source 
process  of  metamorphism  seems  easy. 

arting  with  augite  and  lime-soda  felspar,  we  have  (leaving  out 
i  which  is  common  to  all  the  original  minerals  concerned ;  and 
which  is  common  to  all  except  felspar) : — 

Magnesia,  lime      ,        Alumina     =     Alamina,  magneaia,  lime 
augite  homblende. 

ina,  magn^a,  hme  ,  p  »     .    a^;^  __  Alumina,  magperia^  Carbonic  acid,  lime 
hornblende  chlorite  cdcite. 

imina,  lime-soda  ,   r««-v««:«  ««-j       Alumina,  soda  ,   Carbonic  acid,  lime 

—  — ' -f  Carbomc  acid  =  ^— ^ + ,  .^  -? 

felspar  albite  calcite. 

Alumina,  lime-soda    ,    n    v     •       -j    . 

y4 +  Carbomc  acid  -f  magnesia  = 

Alumina,  lime,  magnesia    ,    Alb'te  4-  -^1^™^^*'  magnesia    ,    Calcite 
hornblende  chlorite 

ins  carbonated  sea- water  acting  on  augite  associated  with  a  lime- 
felspar,  supplies  all  the  materials  for  the  formation  of  the 
idary  materials,  homblende,  chlorite,  felspar  and  calcite,  which 
the  mass  of  the  Green  Rocks. 

le  epidote  of  the  Green  Rocks  seems  to  be  often  associated  with 
ter-clear  felspar,  entirely  free  from  decomposition  and  possibly 
3.  The  decomposition  of  a  lirae-soda  felspar  such  as  labradorite 
d  account  for  the  association  of  albite  with  epidote,  e.g. 

Alumina-liroe-soda     _      Alumina-soda         ,         Alumina-lime. 
Labradorite.  albite^  epidote. 

lere  seems  weighty  evidence  in  support  of  the  hypothesis  that 
aetamorphic  rocks  of  S.  Devon  are  Devonian,  and  of  about  the 
age  as  the  sandstones  and  slates  with  Plenrodtctyum  problema' 
of  the  northern  shore  of  Torbay ;  in  which  case  the  genesis 
lese  Devonian  schists  should  prove  an  attractive  problem  for 
ists  and  petrologists.  Should  the  schists  however  ultimately 
i  to  have  no  connection  with  the  Devonian  rocks,  the  two 
her  will  surely  afford  an  unparalleled  example  of  undesigned 
idences. 

^  Phil.  Mag.  ser.  4,  vol.  xlvi.  pp.  30,  31. 
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The  annexed  sketch  chart  of  the  positions  of  the  crystaUina 
trawled-blocks,  prepared  long  since  to  compare  the  relations  of  these 
rocks  with  the  granite  of  Dartmoor,  brings  out  the  carious  fact  that 
a  line  drawn  from  the  highest  land  in  Dartmoor  into  the  English 
Channel,  dividing  the  blocks  equally,  passes  through  the  oentre  of 
the  Bolt  district.  It  also  passes  within  about  half  a  mile  of  Stolli- 
ford,  North  Bolbury,  and  South  Down  Farm,  whence  I  have  received 
respectively  the  most  schist-like  Devonian  diabase,  the  most  hom- 
blendic  of  the  granular  Qreen  Rocks,  and  the  most  altered  of  the 
quartz-schists,  in  my  collection  of  slides. 


Map  showing  relatiye  positions  of  the  Dartmoor  Granite,  the  South 
Devon  Schists,  and  olocks  of  Crystalline  Rocks  trawled  in  the 
English  Channel. 

It  only  remains  for  me  to  render  my  best  thanks  to  those  friends 
who  with  entire  disinterestedness  have  assisted  me  from  time  to 
time  by  instruction  and  otherwise,  in  investigating  the  affinities 
between  the  altered  and  unaltered  rocks  of  South  Devon.  Without 
the  kindly  and  varied  help  of  Messrs.  Harker  and  Teall  and  of  the 
late  Mr.  Tawney  with  the  rock  sections,  and  that  of  Messrs.  Ussher 
and  Somervail  with  the  rocks  themselves,  the  present  paper  could 
scarcely  have  been  written.  For  all  conclusions,  and  errors,  I 
assume  entire  responsibility,  whilst  crediting  my  aforesaid  friends 
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with  being  directly  or  indireotlj  the  originators  of  whatever  may  be 
of  value  in  the  foregoing  pages. 

Parat.t.blibms  bbtwsbn  thb  Dbtonian  and  Metamobphio  Bocks. 
Dbtonianb.  Mbtaxobfhic  Bocks, 


Mieaeeou*  tandsUmea  \ 
Micaeeou3  slates  ] 

Diabtuea  \ 

Slates       ] 
Micaceous  ffrit'bmnds  in  slates 


In  ffrit-bands 
Quartz -grains  with  native  crystals 
Quartz -grains  with  hair-like  iaclusions 

Detri^  toarmaline 
Ee-crystallized  secondary  tourmaline 
Wnite  mica 

Fermginons  laminsB  with  filmy  mica 

Pyrites  crystallized  in  cubes  and  prisms 

Haematite  cementing  cracks. 

Black  granules,  magnetite  (?) 

Diabase  ) 

Schistose  diabase  ] 

In  Diabase 
Secondary  quarts 
Compact  hornblende 
Fibrous  hornblende 
Felspar 
Epi^te 
Two  chlorites 
Iron  ores 

Veins  in  slates 
Felspar 
Quartz 
Chlorite 


Micaceous  quartz-schists  \ 
Mica-schists  ] 

Green  Bocks ) 

Mica-schists  ) 
Micaceous  quartz-sehist  bands  in  mica- 
schist 

In  quarts-schists 
Quartz-grains  with  negatiTe  crystals 
Quartz-grains  with  hair-like  inclusions 

Detrital  tourmaline 
Be-crystallized  secondary  tourmaline 
White  mica 

Streaks  of  iron  with  filmy  mica 

Pyrites  crystallized  in  cubes  and  prism's^ 

Hsematite  cementing  cracks 

Black  granules,  magnetite  (?) 

Compact  Green  Roeks ) 
Green  schists  ] 

In  Green  Mocks 
Secondary  quartz 
Compact  hornblende 
Fibrous  hornblende 
Felspar 
Epidote 
Two  chlorites 
Iron  ores 

Veins  in  mica-schists. 
Felspar 
Quartz 
Chlorite 


Calcite  is  abundant  both  in  the  Devonian  and  metamorphio  rocks. 
No  comparison  has  been  attempted  owing  to  the  uncertainty  of  its 
origin. 

In  the  spring  of  last  year  Mr.  Harker  was  kind  enough  to  examine 
eight  specimens  of  the  altered  and  unaltered  rocks  of  South  Devon, 
lettered  in  three  series,  as  they  seemed  to  me  to  invite  comparison. 

The  following  valuable  notes  were  received  by  me  on  the  20th 
May,  1891,  accompanied  by  permission  to  make  any  use  of  them. 
Although  a  far  more  complete  set  of  rocks  could  now  be  selected  for 
coroparison,  the  following  have  the  unique  advantage  of  having  been 
described  at  the  outset  of  the  investigation  by  a  specialist,  who, 
l^esides  having  no  detailed  information  about  the  mode  of  occurrence 
of  the  specimens  themselves,  was  not  especially  interested  in  the 
problem  of  the  schists  of  South  Devon. 

^  In  siliceous  band  south  of  Hope  Headland. 
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Appendix. 

NoTKs  BT  Alfred  Barker,  Esq.,  M.A., 

Fellow  of  St.  John's  College,  Cambridge. 

(26)  Ai.  Sandquay  Quarry. 

This  is  a  much  altered  diabase,  the  original  augite  and  fels]Mur  being  almost 
totally  destroyed.  Here  and  there  traces  of  a  characteristic  ophitic  stmctore  can  be 
discerned ;  but  there  has  also  been  a  porphyritic  development  of  larger  crystals  ci 
felspar,  and  to  a  less  extent  of  augite,  as  indeed  is  seen  in  the  hand-spedmen. 
Bare  needles  of  apatite  and  grains  of  iron -ore  are  to  be  reckoned  among  the  original 
constituents. 

The  most  interesting  feature  is  seen  in  the  numerous  little  Teins  which  traTene 
the  slide,  clearly  representing  cracks  tilled  by  secondary  minerals.  The  clear  material 
of  these  little  veins  seems  to  be  in  some  places  quartz,  but  mot»t  of  it  is  felspar  with 
evident  twin-lamollation.  This  mineral  has  generally  grown  perpendicular  to  the 
walls  of  each  vein,  but  wheie  the  cracks  traverse  porpnyritic  crystals  of  felsnar,  tiie 
new  felspar  substance  is  oriented  in  the  same  way  as  the  old,  with  its  twin-lamella 
parallel  to  the  almost  obliterated  twinning  of  the  original  crystals.  A  considerable 
amount  of  pale  fibrous  amphibole  is  enclosed  by  the  felspar  and  quartz  of  the  veins, 
the  fibres  set  perpendicularly  to  the  walls  of  the  vein  in  each  case.  Another  mineral 
enclosed  is  a  chloritic  substance  in  vermicular  growths. 

The  appearances  in  this  rock  do  not  demand  any  agency  beyond  those  involved  ia 
the  ordinary  processes  of  'weathering.'  The  secondary  growth  of  felspar  is  now 
well  known  in  rocks  in  which  there  is  no  reason  to  suspect  any  'metamorphism'  as 
ordinarily  understood. 

(31)  A,.   Combe  Cross  Quarry,  Higher  Fuge,  West  of  Stoke  Fleming. 

This  rock  is  a  diabase  less  decomposed  than  that  of  Sandquay.  A  considerable 
amount  of  fresh  light-brown  augite  remains,  and  is  seen  to  oe  penetrated  by  the 
lath -shaped  sections  of  decomposed  felspar  in  the  ophitic  fashion  so  characteristic  of 
diabasic  rocks.  There  is  no  porphyritic  structure  in  this  specimen.  Iron-ores  are 
rather  abundant,  and  in  reflected  light  the  black  ground  is  seen  to  be  crossed  by  white 
or  grey  bars  in  the  manner  which  has  been  supposed  to  indicate  a  parallel  intergrowth 
of  mac^netite  and  ilmenite.  As  before,  there  are  veinlets  consisting  of  clear  lamellated 
secondary  felspar,  and  a  rather  fibrous  amphibole.  The  latter  is  here  better  developed 
than  in  the  preceding  slide,  and  has  a  pale-greenish  to  brownish  tint.  Both  minerals 
have  grown  perpendicularly  to  the  walls  of  the  little  cracks.  The  pale  secondary 
amphibole  is  also  seen  in  places  forming  a  narrow  fringe  to  the  augite  plates,  and 
showing  the  usual  crvHtallographic  orientation  with  respect  to  that  mineral.  This  is 
a  phenomenon  met  with  in  some  districts  which  have  been  subjected  to  more  or  lees 
mechanical  stress,'  but  it  cannot  be  urged  as  a  proof  oi  dynamic  metamorphism. 

(33)  A3.  Mill  Bill  Copse  Quarry,  Blackpool  Valley. 

This  is  a  schistose  rock,  precisely  such  as  would  result  from  the  crushing  of  the 
diabase  A2.  The  schistosity,  well  seen  in  the  hand-specimen,  is  marked  in  the  slice 
by  a  general  parallel  arrangement  of  the  constituents,  and  especially  of  those  of 
secondary  origin.  The  most  abundant  of  these  are  a  greenish -yellow  mineral  of  the 
chlorite  family  and  a  pale  amphibole.  The  latter  has  no  longer  the  fibrous  stmctore, 
but  is  compact,  with  evident  hornblende-cleavage.  Its  absorption  colours  are  pale 
bluish-j^een  parallel  to  the  7-axis,  and  pale-brown  perpendicular  to  that  direction. 
The  original  ophitic  structure  of  the  diabase  is  preserved  in  certain  little  patches 
like  'eyes,*  in  which  light-brown  augite  is  seen,  penetrated  in  the  usual  fashion 
by  elongated  crystals  of  felspar,  mostly  decomposea.  A  few  felspars  are  still  clear 
enough  to  show  the  twin-lamellation,  and  there  are  also  relics  of  the  original  iron- 
ores,  which  are  shown  by  the  development  of  semi-opaque  leucoxene  to  have  been 
partly  titaniferous.  The  augite,  and  to  some  extent  the  iron-ores,  are  traversed  by 
fissures  roughly  perpendicular  to  the  schistosity  of  the  rock,  a  result  of  '  stretching^ 

^  e.g.  Eastern  Caernarvonshire  :  cf.  Harker ;  Bala  Volcanic  Series  of  Caemaryon- 
Bhire,  pp.  83,  117;  1889. 
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m  the  directum  of  tbe  achistoae  ■tructure.  Most  of  the  chloritio  mineral  in  the 
rock  polarizes  in  fairly  high  tints,  but  a  portion  of  it  giTes  only  low  interference- 
coloora.  When  this  mineral  occurs  in  association  with  the  pale  hornblende,  it  wrap 
round  the  latter  in  a  streaky  manner.  A  little  quartz-yein  which  traversed  the  rocl, 
his  been  contorted  and  broken  in  the  process  of  crushing,  and  affords  some  measure 
of  the  amount  of  compression  in  the  direction  perpendicular  to  the  schistoeity. 

(40)  A4.  Coast  south  of  site  of  Start  Signal  House. 

This  is  a  thoroughly  metamorphosed  rock.  In  its  original  state  it  has  presumably 
been  a  diabase  or  some  allied  augitic  type ;  but  it  is  now  cod  verted  into  a  mass  of 
minerals  newly  crystallised  in  titUj  ana  having  the  fresh  appearance  so  characteristic 
of  the  crystalline  schists.    Original  structures  are  completely  obliterated. 

There  is  abundance  of  the  ]^e*greenish  amphibole  noticed  above,  partly  in  fibrous 
streaks  and  patches,  partly  in  compact  crystals,  though  usually  with  little  indication 
of  crystal-outlines.  In  a  few  places  we  notice  crystals,  bounaed  by  the  prism -faces 
alone,  with  no  pinacoid,  and  with  irregular  terminations ;  but  this  is  only  when  the 
smphibole  is  moulded  by  a  certain  pale  scaly  mineral,  apparently  one  of  the  ripidolite 
group.  The  fibrous  amphibole  builds  densely  matted  patches  or  occurs  in  isolated 
wisps  encloeed  in  the  felspar  areas,  and  having  a  general  parallelism  with  the  rude 
ichi^tosity  of  the  rock  as  a  whole. 

Felspar  occurs  abundantly  in  aggregates  of  interlocking  pellucid  crystal-^ins, 
rarely  showing  much  indication  of  external  crystal  form.  Twin-lameUation  is  very 
prevalent,  and  sections  perpendicular  to  the  lamellaB  give  extinction  angles  up  to 
about  14® :  this  is  not  sufficient  to  distinguish  between  varieties  of  albite  and 
aadesine. 

After  the  felspar  and  amphibole  the  most  abundant  constituents  are  epidote  and 
zoisite.  These  form  rather  short  columnar  crystals,  conspicuous,  by  their  high 
refractive  index,  with  indications  of  a  longitudinal  cleavage  and  a  marked  cross- 
jointing.  The  crystals  give  sensibly  straight  extinction.  The  two  minerals  are 
distinguished  by  the  brilliant  polarization  of  the  epidote  as  contrasted  with  the  low 
tints  given  by  the  zoisite.  They  occur  in  association  with  one  another,  and  are 
moulded  or  enclosed  by  the  other  constituents  of  the  rock.  So  far  as  our  knowledge 
goes,  epidote  and  zoisite  are  minerals  characteristic  of  dynamic  rather  than  thermal 
metamorphism  in  basic  igneous  rocks.  The  amphibole  and  felspar  might  well  be 
formed  in  either  case,  but  the  rather  coarse-grained  aggregates  of  twinned  felspars 
in  this  rock  would,  I  believe,  be  difficult  to  match  among  products  of  *' contact '*- 
metamorphism. 

(3)  Bi.   Cliffs  at  North-east  end  of  Slapton  Sands. 

This  is  a  reddish-brown,  fine-grained,  micaceous  sandstone.  As  usual,  the  slice 
shows  the  little  scales  of  colourless  mica  to  be  much  less  abundant  than  might  be 
conjectured  from  the  hand-specimen.  They  show  an  arrangement  parallel  to  the 
bedding  and  are  doubtless  of  detrital  origin.  The  grains  building  the  bulk  of  the 
rock  are  almost  exclusively  of  quartz,  m  which  both  glass-  and  fluid-pores  are 
detected.  There  is  a  ferruginous  matrix  separating  the  grains,  and  in  places  in 
sufficient  quantity  to  show  a  well-marked  lamination.  An  indication  of  **  spectral 
polarization  **  in  the  quartz  perhaps  points  to  a  certain  degree  of  strain. 

(4)  Ci.  From  the  same  Locality. 

This  rock  is  very  similar  to  the  preceding,  though  with  rather  less  of  the  ferruginous 
paste.  An  occasional  grain  of  fresh  lamellated  felspar  occurs  among  the  quartz. 
The  little  mica-flakes  are  rare,  but  there  are  occasional  rolled  granules  of  tourmaline, 
both  brown  and  blue.  The  quartz-grains  enclose  numerous  fluid-pores,  besides 
brownish  inclusions  apparently  of  glass,  and  an  occasional  little  prism  of  zircon,  etc. 
The  rock  has  all  the  appearance  of  being  derived  from  the  destruction  of  a  tourmaline- 
bearing  granite. 

(24)  B^  North  of  site  of  Start  Signal  House.^ 

This  is  a  typical  dynamo-metamorphic  rock.  The  hand-specimen  shows  a  schistose 
structure,  accentuated  by  the  development  of  a  filmy  secondary  mica,  and  there  are 

1  Plate  8,  fig.  I. 
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also  rather  acute  zig-zag  contortions.  Under  the  microfloope  the  Btractnres  charac- 
teristic  of  mechanical  metamorphism  show  more  decidedly.  The  clear  granular 
patches  of  quartz,  etc.,  have  the  well-known  form  of  lenticular  streaks,  ana  smaller 
patches  of  similar  character  occur  like  *  eyes '  imbedded  in  inconstant  bands  com- 
posed largely  of  colourless  mica,  the  micaceous  films  showing  the  usual  wary 
parallel  arrangement  and  clinging  round  the  enclosed  *  eyes.*  In  acme  broader 
Dands,  also  rich  in  mica,  both  colourless  and  yellow  or  brown,  the  structures, 
developed  by  a  shearing  movement  of  the  mass,  are  seen  in  various  stages.  First 
a  system  of  minute  unsymmetrical  parallel  folds  is  produced,  their  axial  planes 
inclined  at  an  angle  of  about  45''  to  the  general  schistosity  of  the  rock.  These  foldi 
become  compressed  and  pushed  over  until  they  pass  into  little  reversed  faults  about 
7^^  inch  apart  The  faults  are  formed  at  an  angle  of  about  30°  with  the  general 
direction  oi  schistosity,  but  by  further  movement  they  come  to  coincide  more  closely 
with  that  direction,  and  are  finally  lost  in  the  parallelism  of  the  micaceous  streaks. 

The  clear  granular  patches  in  the  slide  consist,  at  least  for  the  most  part,  of  quarts. 
The  intricate  interlocking  of  the  several  grains  proves  that  the  whole  naa  crystalliied 
in  titu,  and  their  imperfect  extinction  or  *  spectral  polarization '  indicates  a  condition 
of  internal  strain.  The  rock  may  have  been  originally  a  shale  or  slate  with  some 
gritty  bands.  It  compares  very  closely  with  the  Skiddaw  Slates,  where  they  have  under- 
gone locally  profouna  dynamic  metamorphism,  as  at  firownber,  in  Westmoreland.^ 

(8)  C,.  South  of  Start  Farm.* 

This  is  a  type  of  rock  which  corresponds  to  what  has  sometimes  been  ealled  a 

Suartz-schist.    The  schistose  character  is  but  slightly  marked  in  the  hand-^specimea. 
f  inute  scales  of  mica  are  arranged  to  give  a  parallel  structure ;  but  the  mineral  is 
only  sparingly  present. 

Under  the  nucroscope  the  rock  is  seen  to  consist  almost  exclusively  of  clear  grains 
of  quartz  of  varying  siie  and  generally  irregular  shape.  It  is  not  clear  that  there 
has  been  any  considerable  recrystallization,  and  there  is  certainly  nothing  like  tiie 
degree  of  metamorphism  evidenced  by  specimen  B^.  The  few  scattered  flakes  of 
colourless  mica  may  be  original.  The  slice  is  traversed  by  numerous  little  cracki 
cemented  by  opaque  iron-ores.  These  are  wavy  and  branching,  but  maintain  a 
rough  parallelism  throughuut  the  slice,  agreeing  in  direction  with  the  settles  of  mica. 


III. — An  Irish  Augitite. 


By  Bernard   Hobson,  M.Sc,  F.G.S.  ; 
Assistant  Lecturer  in  Geology  at  the  Owens  College,  Manchester. 

WHEN  writing  my  paper  "  On  the  Igneous  Rocks  of  the  South 
of  the  Isle  of  Man,'' '  I  was  led  to  compare  a  Manx  melaphyre, 
from  Scarlet  Point,  with  a  rock  described  by  Prof.  E.  Hull  *  as  a 
melapbyre,  occurring  at  Bally trasna,  near  Limerick,  and  belonging 
to  the  "  Upper  Trap-band,"  a  little  below  the  basal  shales  of  the 
Coal-measures.  Through  the  kindness  of  Prof.  Hull,  a  chip  of  the 
rock  was  sent  to  me  by  the  Irish  Greological  Survey.  The  specimen 
was  black  and  basaltic-looking.  I  did  not  obtain  satisfactory  sections , 
of  it  in  time  for  my  paper,  but  have  since  had  excellent  ones  made* 
On  examining  them  I  was  immediately  struck  by  the  resemblauoe 
of  the  rock  to  the  augitite  of  Paschkapole,^  between  Yelmin  and 

^  See  paper  by  Prof.  Nicholson  and  Mr.  Marr,  with  Appendix ;  Quart.  Journ. 
Geol.  See.  vol.  xlvii.  pp.  612-614  (1891).  «  hate  71.  fig. 

3  Quart.  Journ.  Geol.  Soc.  vol.  xlvii.  (1891),  pp.  432-450  (reprinted  with  additions 
in  YuLioar  Manninagh,  1892,  pp.  337-348). 

*  **  On  the  Microscopic  Structure  of  the  Limerick  Carboniferous  Trap  Rocks,'* 
Gbol.  Maq.  1873  (pp.  153-161),  p.  157.  Prof.  Hull  gives  a  \Ut  of  papers  relating 
to  the  geology  of  these  rocks. 

*  Mentioned  by  H.  Eosenbusch,  Mikroskopische  Physiographie  der  Masagen 
Gesteine  (1887),  p.  821. 
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BoreslaUy  in  Bohemia,  with  a  section  of  which  I  compared  it 
Professor  HuU^  describes  the  rook  of  Ballytrasna  as  containing 
"Dumerons  large  crystals  and  groups  of  banded  felspar";  but  I 
fiuled  to  find  a  single  felspar  in  four  sections,  nor  did  I  observe  any 
in  AUport's  section,  No.  1902,'  from  the  same  locality,  which  agrees 
with  my  sections.  I  submitted  a  section  to  Prof.  H.  Bosenbusch, 
of  Heidelberg,  from  whose  letter  to  me  I  translate :  ''  Plagioclase 
1  cannot  find,  it  was  most  probably  never  present  In  its  early 
state  the  rock  contained  only  augite  and  iron  ores  in  two  genera- 
tions, a  little  biotite  around  the  iron  ores  of  the  first  generation,  and 
probably  a  glassy  base,  which,  however,  I  nowhere  with  certainty 
see  preserved.  On  the  contrary,  it  is  changed  to  a  chloritic  sub- 
stance, which  is  here  and  there  speckled  with  brownish  liroonite." 
The  structure  of  the  rock  is  hypocrystalline  porphyritic  in  Rosen- 
husch's '  sense.  The  phenocrysts  ^  consist  of  augite  and  magnetite, 
and  perhaps  biotite,  if  the  inclusions  of  it  seen  in  the  augite 
phenocrysts  are  not  due  to  crystallization  of  included  ground-mass. 
The  augite  phenocrysts  are  idiomorphic  and  pinkish-brown  in  colour 
by  transmitted  light.  Their  maximum  diameter  is  occasionally 
2*9  mm.,  but  more  commonly  1*65  mm.  or  less.  Twinning  is  rare. 
Zonal  structure  is  common,  so  are  magnetite  and  glass  inclusions, 
the  latter  often  altered  to  the  chloritic  substance  before  mentioned. 
The  augite  phenocrysts  are  themselves  frequently  partially  or  com- 
pletely altered  to  a  light-greenish  serpentinous  or  chloritic  alteration- 
product,  and  the  pseudomorpbs  thus  formed  are  often  surrounded  by 
interrupted  patches  of  apparently  secondary  magnetite.  Although 
the  zonal  structure  defines  the  crystal  faces  with  distinctness,  yet 
the  actual  margins  of  the  crystal  sections  are  most  frequently 
ragged  or  jagged  and  irregular,  with  magnetite  crystals,  or  more 
rarely  with  augite  crystals  of  the  ground-mass,  projecting  into  them. 
This  irregularity  of  contour  is  well  shown  in  fig.  19  (pi.  xxxiv.)  of 
Mr.  S.  Allport's  paper. ^  I  am  inclined  to  regard  it  as  due  to  the 
intratelluric  augites  continuing  their  growth  during  the  period  of 
effusion,  rather  than  to  a  growth  after  consolidation  of  the  rock. 

The  augite  of  the  ground-mass  occurs  as  very  abundant  idiomorphic 
crystals,  mostly  elongated  in  the  direction  of  the  vertical  axis  c. 
The  average  dimensions  of  the  crystals  are  '07  mm.  x  '01  mm. 
They  are  faintly  brownish  in  colour  and  are  frequently  twinned,  the 
twinning  plane  being  the  orthopinacoid. 

Magnetite  is  very  abundant.  It  occurs  as  phenocrysts,  often 
included  in  the  porphyritic  augites,  as  before  mentioned,  and  is 
frequently  idiomorphic,  though  in  some  cases  the  crystalline  form 

^  Loc.  eit.  p.  157. 

^  In  the  British  Museum  (Natural  History). 

>  Op.  ett.  pp.  339-340. 

*  Term  proposed  hy  J.  P.  Iddings,  **  On  the  Crystallization  of  Igneous  Rocks,'* 
Phil.  Soc.  Washington  Bulletin,  vol.  xi.  (1889)',  p.  73,  for  "porphyritic  con- 
stituents" in  Rosenousch's  sense. 

*  On  the  Microscopic  Structure  and  Composition  of  British  Carhoniferous  Dolerites, 
Quart.  Journ.  Geol.  Jioc.  vol.  xxx.  (1874),  pp.  629-567. 
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cannot  be  made  out  with  certainty.  It  is  also  abundant  in  the 
ground-mass.  Not  unfrequently  it  is  partially  altered  to  yellowish 
brown  limonite. 

Biotite  is  present  in  only  small  quantity.  Its  pleoohroism  is,  for 
rays  vibrating  parallel  to  the  cleavage  cracks,  golden  yellowish 
brown,  for  those  at  right  angles  to  that  direction  faint  yellowish 
brown.  It  not  merely  surrounds  the  magnetite  of  the  first  generation 
but  appears  to  have  crystallized  after  the  augite  crystals  of  the 
ground-mass,  as  the  mica  is  allotriomorphic  to  them ;  in  short  they 
project  into  it  as  the  felspars  do  into  augite  in  ophitic  structure. 

The  chloritic  substance  above  mentioned  by  Rosenbusch,  as 
probably  replacing  an  original  glassy  base,  is  present  in  considerable 
quantity.  It  occupies  more  or  less  isolated  angular  spaces  betweeQi 
or  surrounds  all  the  crystalline  constituents. 

As  the  result  of  a  somewhat  hasty  examination  at  the  British 
Museum  (Natural  History)  of  Mr.  AUport's  section,  No.  1900,  of 
trap  (from  the  Upper  Trap  band)  of  Rathjordan,*  I  found  it  to 
agree  with  that  from  Ballytrasna' in  most  respects,  though  I  had 
not  time  to  make  certain  whether  phenocrysts  of  olivine  were 
originally  present,  as  both  Allport  and  Hull  ^  agree  in  stating.  If 
80,  it  would  be  a  limburgite.  I  take  the  **  cells  "  mentioned  by  Prof. 
Hull,  as  occurring  in  the  glassy  base  of  the  Bally trasna  rock,  and 
the  *'  tubes  and  cells  "  described  and  figured  by  him  (pi.  viii.  fig.  9) 
from  the  Rathjordan  rock  to  be  really  augite  crystals  of  the  ground* 
mass.  That  there  is  no  improbability  in  limburgites  (and  augitites) 
being  present  among  the  Limerick  traps  is  shown  by  a  remark  of 
Sir  A.  Geikie,*  who  states  (apparently  on  the  authority  of  Mr.  W. 
W.  Watts)  that  the  upper  basalts  of  Nicker  Hill  *  contain  "  only 
38*66  per  cent  of  silica"  "thus  approaching  the  limburgites." 

As  most  of  the  traps  from  the  Limerick  district  contain  plagioclase 
there  can  be  little  doubt  that  the  Ballytrasna  rook  is  a  basaltoid^ 
augitite.  It  is  probably  more  basic  than  the  basalt  of  the  Lion  s 
Haunch,  Arthur's  Seat,  Edinburgh,  and  than  the  Manx  melaphyre 
with  which  I  was  led  by  Prof.  HuU's  description  to  compare  it 
So  far  as  I  know,  the  Ballytrasna  augitite  (I  use  the  term  regardless 
of  geological  age)  is  the  first  which  has  been  described  as  occurring 
in  the  British  Isles. 

*  Described  by  Allport,  loe.  eit.  p.  652. 

'  Ballytrasna  must  be  a  very  small  place,  as  it  is  not  marked  on  the  One-inch 
Geol.  Survey  Map  (sheet  154).  I  understand  that  it  is  about  two  miles  east  of 
Kath  Jordan. 

*  Loe.  eit.  p.  157. 

*  Anniversary  Address  to  Geological  Society,  1892;  Proceedings  p.  147  (p.  123  of 
separate  copies). 

*  One-inch  Geol.  Survey  Map,  sheet  144  and  Explanation,  p.  31. 

*  n.  Rosenbusch,  Ueber  die  cheraischen  Beziehungen  der  EmptiTgesteiiie. 
Tschcrmak's  Mineral,  and  Petrog.  Mittheilungen,  vol.  xi.  (1889)  p.  158. 
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lY. — Undebolayb  :  A  Pbeliminaky  Study. 

By  G,  W.  BuLXAN,  M.A.,  B.Sc.; 
Corbridge-on-Tpe. 

SINCE  the  advent,  in  1840,  of  Sir  Wm.  Logan's  paper  « On  the 
Characters  of  the  Beds  of  Clay  immediately  below  the  Coal 
Seams  of  South  Wales,"  underclays  have  generally  been  regarded 
as  representing  the  soils  on  which  grew  the  vegetation  now  forming 
the  coal.  1  am  not  aware,  however,  that  any  definite  and  detailed 
hypothesis  has  been  put  forward  to  account  for  their  origin.  The 
superior  interest  attaching  to  the  question  of  the  origin  of  coal  has 
apparently  overshadowed  the  less  important  underclay,  and  it  has 
been  left  to  fit  itself  in  with  any  particular  hypothesis  of  the  former 
which  happened  to  be  in  favour.  At  the  same  time,  two  general 
views  of  its  origin  have  been  suggested  which  do  not,  however,  go 
into  any  detail  as  to  the  exact  manner  in  which  it  has  been  brought 
about.  Firsty  there  is  the  opinion  that  underclays  are  terrestrial 
accumulations,  thus  expressed  by  the  authors  of  the  ''  Ceology  of 
the  Yorkshire  Coal-field  "  : 

''There  can  be  no  doubt  then  that  the  underclays  are  old  vegetable 
soils,  and  that,  unlike  all  the  Carboniferous  rocks  we  have  hitherto 
noticed,  they  were  formed  not  under  water,  but  on  dry  land"  (p.  19). 

Prof.  Hull,  on  the  other  hand,  in  his  ''Coal-fields  of  Britain/' 
expresses  the  opinion  that  underclays  were  laid  down  in  water : 

"  Now  these  underclays  are  distinctly  stratified,  showing  that  they 
have  been  deposited  under  water"  (pp.  66-7). 

Sir  A.  Geikie  expresses  a  similar  opinion  in  the  following  passage 
from  his  "  Text  Book  of  Geology,"  and  further  indicates  that  they 
were  laid  down  in  the  shallowing  water,  just  before  it  became  a 
marsh  and  was  taken  possession  of  by  vegetation : 

"Where  the  clay  was  laid  down  under  suitable  circumstances, 
vegetation  sprang  up  upon  it.  This  appears  to  have  taken  place 
in  wide  shallow  l£^oon-like  expansions  of  the  sea,  bordering  land 
clothed  with  dense  vegetation  "  (p.  477). 

With  regard  to  the  first  of  these  views  it  almost  seems  to  be 
implied  that  the  underclay  was  formed  in  the  same  way  as  a  modem 
vegetable  soil.  But  this  interpretation  may  be  dismissed  at  once, 
for  the  underclay,  although  it  may  well  have  played  the  role  of 
foundation  to  the  marsh,  and  received  the  roots  of  the  vegetation,  is 
not  in  the  least  like  a  vegetable  soil,  for  a  modern  vegetable  soil 
is  formed  of  vegetable  matter  mingled  with  disintegrated  rock,  and 
passes  by  gradual  transitions  through  the  subsoil  to  the  rock  below. 
An  underclay,  on  the  other  hand,  is  obviously  an  independent 
formation,  and  not  formed  by  disintegration  in  situ  of  the  rock 
below,  from  which  it  is  separated  by  clear  lines  of  demarcation. 

The  chief  indictment  against  both  these  views  of  the  origin  of 
underclay  is,  that  no  example  of  the  formation  of  clays  at  the 
present  day,  either  on  land  or  in  very  shallow  water,  has  been 
brought  forward.  In  fact,  all  we  know  about  such  fine  grained 
deposits  as  clay  leads  us  to  attribute  them — as  a  general  rule,  with 
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a  few  exceptions — to  quiet  and  deepish  waters.     Thus  the  formatioii 
of  clay  is  described  as  follows  in  Phillip's  **  Manual  of  Greology  ": 

'*The  carbonic  acid,  which  is  always  dissolved  in  water,  attacki 
the  felspar  by  dissolving  out  from  it  carbonates  of  potash,  soda,  or 
lime ;  and  then  the  crystals  lose  their  hardness  and  become  changed 
into  a  paste  of  impalpable  fine  particles  which  form  a  mad.  Thn 
mud  is  held  in  suspension  longer  than  the  sand,  and  is  therefore 
carried  further  out  to  sea.  When  it  falls  to  the  bottom  and  is 
compressed  by  the  weight  of  the  water  above,  it  becomes  clay,  and 
margins  or  surrounds  the  land  as  an  outer  belt,  probably  twice  as 
broad  as  the  sand  belt.  On  some  coasts,  like  the  South  American 
coast  mentioned  by  Mr.  Darwin,  there  may  be  no  clay  deposited 
within  one  hundred  and  fifty  miles  of  land  '*  (vol.  i.  p.  60). 

Sir  Charles  Lyell,  again,  describes  the  deposition  of  clay  as  taking 
place  in  the  deeper  portions  of  Lake  Superior.  And  one  of  the 
results  of  the  "Challenger"  expedition  has  been  to  show  that 
oceanic  deposits  in  depths  greater  than  2000  fathoms  are  clays. 
But  satisfactory  cases  of  deposits  at  all  analogous  to  underclajs 
being  laid  down  in  a  shallowing  area  just  before  vegetation  com* 
menoes  to  grow  in  the  present  order  of  things  do  not  seem  to  be 
forthcoming.  And  if  underclays  were  so  deposited  why  are  thej 
not  laminated  ? 

That  the  geological  study  of  clays  is  behind  that  of  other  rocks, 
while  satisfactory  evidence  from  causes  now  in  operation  is  not 
forthcoming,  seems  to  be  indicated  in  the  following  quotation  from 
Phillip's  Manual  (part  i.  ed.  1885)  : 

*'  No  such  careful  and  detailed  examination  has  been  made  of 
existing  mud  and  clay  as  of  sand  or  limestone.  The  subject  is 
much  more  difficult  ....  and  the  observations  on  deposits  now 
forming  are  too  few  to  completely  demonstrate  the  conditions  under 
which  many  of  the  newer  clay  beds  were  formed." 

In  the  following  description  by  Prof.  Green  of  the  formatioti  of 
coal  there  is  no  room  left  for  the  deposit  of  the  underclay  : 

**  But  the  downward  movement  was  not  without  intermission; 
every  now  and  then  a  pause  occurred,  and  whenever  this  happened 
the  water  would  tend  to  lie  filled  up.  Sand-banlcs  formed  shoals, 
which  by  degrees  grew  into  islands :  the  channels  between  the 
islands  were  gradually  choked  up  with  sediment,  till  at  last  the 
whole  or  portions  of  the  lake  became  replaced  by  swampy  plains 
or  morasses,  across  which  sluggish  rivers  slowly  wound  their  way. 
Vegetation  spread  from  the  adjoining  land  over  the  marshy  flats, 
and  under  the  moist  and  otherwise  favourable  conditions  grew  apace, 
till  the  whole  became  converted  into  a  rank  and  tangled  jungle" 
(Coal,  its  History  and  Uses,  pp.  56-7). 

According  to  this  view  the  coal  is  evidently  formed  on  a  sand-bank. 

The  analogy  of  modern  peat  bogs,  which  are  generally  found  to 
be  underlaid  by  some  sort  of  clay,  is  sometimes  strongly  insisted 
upon  in  connection  with  underclays  ;  and  yet,  on  examination,  it 
^appears  that  many  of  our  peat  bogs  rest  on  clays  belonging  to  a 
'^*"^rent  geological  age — as  on  the  Boulder-clay,  or  on  the  clays  of 
IScMd-measares  themseWea — and  &o  do  not  admit  of  oomparisoa 
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^ih  tbe  Ck)al-8eam  and  its  underclay.  Those  peat  mosses,  again, 
which  form  tbe  most  recent  layer  in  the  filling  up  of  lakes  do  not 
require  that  the  substratum  should  be  universally  an  impervious 
clay ;  for  tbe  same  causes  which  led  to  the  formation  of  the  lake 
in  the  first  instance  will  prevent  the  drainage  of  the  filled  up  area. 

Sir  Cbarles  Lyell,  indeed,  in  describing  lake  deposits  in  general, 
gives  9heU-marl  as  the  stratum  immediately  below  the  peat,  thus : 

*'  If  we  drain  a  lake  which  has  been  fed  by  a  small  stream,  we 
frequently  find  at  the  bottom  a  series  of  deposits,  disposed  with 
considerable  regularity,  one  above  the  other ;  the  uppermost,  perhaps, 
may  be  a  stratum  of  peat,  next  below  a  more  dense  and  solid  variety 
of  the  same  material ;  still  lower  a  bed  of  shell-marl,  alternating 
with  peat  or  sand,  and  then  other  beds  of  marl,  divided  by  layers 
of  clay  "  (Elements  of  Geology,  p.  3). 

And  in  the  Meadows,  Edinburgh,  formerly  the  Borough  Loch, 
the  following  section  was  met  with  in  digging  a  drain,  and  is  thus 
mentioned  in  the  Survey  Memoir  of  the  Geology  of  the  Neighbour- 
hood of  Edinburgh : 

"  A  bed  of  lake-peat,  from  a  few  inches  to  upwards  of  a  foot  in 
thickness,  was  found  immediately  below  the  soil.  A  thin  lay  of  marl, 
with  the  common  freshwater  shells,  underlaid  the  peat  and  rested 
on  silt,  sand,  or  fine  gravel,  below  which  came  the  Boulder-clay." 

In  the  Survey  Memoir  of  the  Geology  of  East  Lothian  two 
similar  cases  of  peat  immediately  underlaid  by  marl  are  mentioned 
(pp.  67,  68). 

According  to  Prof.  Heer,  again,  the  ground  for  the  growth  of  peat 
as  the  final  deposit  in  the  silting  up  of  a  lake  is  due  to  Mollusca, 
and  is  thus  described : 

**  The  formation  of  an  impermeable  ground  is  the  work  of  small 
mollusca,  which  live  in  the  water  in  great  abundance.  After  death 
their  shells  decompose,  and  gradually  produce,  with  the  inorganic 
deposits  of  the  water,  a  sort  of  calcareous  loam,  called  blanc-fond 
(white  ground)  in  Neuchatel,  and  lake-chalk  in  the  canton  of  Zug" 
(Beer's  Primeval  World  of  Switzerland,  Heywood,  vol.  i.  p.  24). 

Clearly,  then,  the  origin  of  underclays  cannot  be  explained  by  the 
causes  now  in  operation  in  the  filling  up  of  lakes. 

As  regards  the  occurrence  of  peat  otherwise  than  as  a  lacustrine 
deposit,  some  interesting  details  are  given  in  the  Survey  Memoir  of 
the  Geology  of  the  South-west  part  of  Lincolnshire.  Several  beds 
of  peat  at  different  levels  and  interstratified  with  clay,  silt,  sand, 
etc.,  occur.     The  following  sections  may  be  taken  as  examples : 

FBET. 

(1).  Brown  silty  soil  ...            ...  ...  ...  1 

Reddish  brown  silt              ...  ...  ...  1  to  4 

Blue  clay             ...             ...  ...  ...  1 

Drab-coloured  sandy  clay  ...  ...  ...  4to6 

Peat  and  peaty -clay            ...  ...  ...  1 

Blue  clay  with  marine  shells  ...  ...  6 

Blue  clay  with  peaty  matter  and  wood  at  bottom  16 

Peat  black  and  compact     ...  ...  ...  1 

Coarse  angular  sand           ...  ...  ...  1 

Bluish  Boulder-clay,  touched  ...  ...  1 

(Brickyard  one  mile  N.N.W.  of  Spalding,  p.  107.) 
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(2).  Brown  sflt           ...            ...            ...  ...  3 

Black  peat           ...            ...            ...  ...  0} 

Sandy  silt  and  loam  with  marine  sheik  ...  5 

Yellowish  clay     ...            ...            ...  ...  2 

Grey  peaty  clay  ...            ...            ...  ...  3 

Soft,  clean,  blue  clay         ...            ...  ...  2 

Peaty  layer  with  drift  wood  and  hazel  nuts    ...  0| 
Gravelly  clay  (?  Boulder-clay)  touched 

(Pit  two  furlongs  East  of  DoTeham.     p.  108.) 

I w ) .  X eai      ...             ...             ...             ...  ...  X 

Clay  with  Marine  shells     ...            ...  ...  6 

Silt,  sandy           ...            ...            ...  ...  3 

Peat  with  trees    ...            ...            ...  ...  21 

vyraTei...              ...             ...             ...  ...  xu . 

(Tattershall  Brickyard  at  Dogdyke  near  mouth  of  Riyer  Bain.  p.  111.) 

The  view  advocated  in  the  above  memoir  is  that  these  deposits 
are  the  result  of  the  silting  up  of  a  bay,  and  that  they  are  marine 
deposits.  The  layers  of  peat  occurring  at  various  levels  are  held  to 
be  indications  of  old  land  surfaces,  if  this  is  so  we  must  suppose 
there  has  been  a  filling  up  of  the  bay  followed  by  a  depression  after 
its  growth,  for  each  bed  of  peat.  Of  such  earth  movements  in  the 
area  under  consideration  there  appears  to  be  no  independent  proof, 
or  we  should  have  here  a  valuable  illustration  of  the  modem  view 
of  the  origin  of  coal  in  situ  with  slow  and  intermittent  subsidence. 
But  some  of  the  sections  indicate  rather  a  drift  origin  for  some  of 
the  lower  layers  of  peat.  Thus  in  section  (I)  the  peat  rests  on 
coarse  angular  sand,  and  in  (3)  on  gravel,  neither  of  which  seems 
a  likely  substratum  for  a  peat  moss  to  flourish  on.  In  (2),  again, 
the  layer  of  peat  itself  contains  "drift  wood"  which  is  strongly 
suggestive  of  a  drift  origin  for  the  peat  itself. 

llie  clay  beneath  the  peat  also  frequently  contains  marine  sMh, 
which  have  apparently  never  been  found  in  the  underclays  of  the 
Carboniferous.  On  the  whole,  then,  it  does  not  seem  that  the  beds 
commonly  found  beneath  layers  of  peat  throw  much  light  on  the 
origin  of  Carboniferous  underclays.  Yet  the  occurrence  of  such 
fine-grained  deposits  as  these  clays,  as  the  final  member  of  the 
series  in  the  silting  up  of  an  area,  and  just  before  the  growth  of 
vegetation,  is  a  valuable  suggestion  as  to  how  an  nnderclay  might, 
under  certain  conditions,  be  formed  in  a  shallowing  area,  and  in 
immediate  proximity  to  land. 

The  conditions  in  the  Fen  district  are,  however,  somewhat  peculiar, 
for  the  clays  are  marine  deposits,  and  must  have  been  brought  by 
currents  from  considerable  distances. 

It  has  been  asserted  that  Stigmaria  are  of  universal  occurrence  in 
underclays.  ITius  Professor  Green  writes  of  them,  "They  always 
contain  a  peculiar  vegetable  fossil  known  as  Stigmaria**  (Physical 
Geology,  p.  258). 

And  this — on  the  hypothesis  that  Stigmaria  are  the  roots  of  the 
vegetation  which  forms  the  coal — is  one  of  the  strongest  arguments 
that  the  underclays  are  old  soils.  But  it  is  to  be  observed  that 
while  Stigmaria  appear  to  be  of  almost — if  not  quite — universal 
ooourrenoe  in  undeit^iaysy  they  are  ahso  often  found  in  sandBtonefly 


O.  W.  Bulman — On  Underdayi.  356 

)ven  when  these  are  entirely  distinot  and  separate  from  Coal-seams, 
rhas  examples  of  sandstone  with  Stigmarian  roots,  and  separated 
from  Coal-seams  by  beds  of  nnderolay,  occar  in  the  following 
lections  from  the  Snnrey  Memoir  of  the  Yorkshire  Coal-field : 


FT.   Df. 

(1).  Coal     ...  ...  ...  ...  ...      0    3 

Underclaj 

Sandstone  with  Stigmaria  rootlets 


(2).  Coal  ... 
Underclay 
Sandstone  with  Stigmaria  rootlets. 


1  1 

2  0    (p.  634.) 

1    3 


^nd  examples  of  Stigmaria  in  limestone  are  not  unknown.  Thus 
hey  are  found  abundantly  in  the  well-known  Burdie  House  lime- 
stone of  the  Lower  Carboniferous  of  Scotland. 

Supposing  that  in  all  three  cases,  in  the  underclay,  in  sandstone, 
ind  in  limestone,  the  Stigmaria  are  in  8t7tl,  it  is  a  little  curious  that 
I  plant  which  habitually  grew  in  a  swamp  caused  by  an  impervious 
itratum  of  underclay  should  flourish  equally  well  on  a  sandbank  or 
)n  a  calcareous  mud.  It  may,  however,  be  suggested  in  explanation 
that  the  Stigmaria  roots  represent  more  than  one  type,  and  were  not 
ill  marsh  plants.  And  to  suppose  that  Stigmaria  in  sandstone  are 
asnally  in  situ  is  to  increase  the  necessary  number  of  old  land 
mrfaces  preserved  in  the  Carboniferous  period,  already  a  serious 
difficulty,  reckoning  Coal-seams  and  underclays  alone. 

As  regards  the  question  of  the  position  of  Stigmaria  in  sittl,  and 
:heir  connection  with  the  stems  of  the  Carboniferous  trees,  it  is  to 
be  noted  that  the  most  striking  examples  that  have  been  brought 
forward  are  not  in  underclay  but  in  sandstone.  Thus  the  well- 
koown  case  quoted  and  figured  by  Prestwich  (Geology,  vol.  ii. 
p.  109),  is  in  a  sandstone.  Moreover,  the  figure  gives,  on  the 
Krhole,  rather  the  impression  of  drift  than  growth,  in  situ.  And  in 
that  remarkable  fossil  forest  Yiear  Sheffield,  described  by  Dr.  Sorby 
(Q.J.G.S.,  August,  1875),  the  roots  of  the  trees  ramify  through  a 
)oft  shaly  clay,  while  the  stumps  are  enveloped  in  a  bed  of  sand- 
stone. In  the  South  Joggins  section,  too,  and  in  the  Cape  Breton 
2!oalfield,  the  more  striking  examples  of  stems  with  Stigmarian 
roots  are  found  in  the  shale  above  the  Coal-seams. 

The  occurrence  of  erect  tree-stumps  in  connection  with  Coal- 
teams  is  certainly  suggestive  that  the  underclays  have  played  the 
part  of  soils.  And  yet  the  very  fact  of  the  publication  of  papers 
*0n  an  erect  tree  in  connection  with  a  Coal-seam,"  etc.,  seems  to 
mark  the  rarity  of  the  occurrence.  But  if  the  underclay  really  teas 
the  soil  upon  which  was  formed  the  coal  by  the  growth  of  the 
Carboniferous  forest,  afterwards  lowered  beneath  the  water  and 
enveloped  in  shale  or  sandstone,  should  we  not  expect  such  erect 
tree-stumps  to  stand  as  thickly  as  the  trees  in  a  modern  forest? 

But  although  the  occurrence  of  erect  tree-stumps  is  rarer  than 
night  be  expected,  Sir  Charles  Lyell  mentions  a  portion  of  the 
^Qth  Joggins  section,  containing  nineteen  Coal-seams  in  which  h^ 
observed  seventeen  trees  at  right  angles  to  the  planes  of  stratification. 
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or  these  ho  remarks :  ''  In  no  instance  could  I  detect  any  ir^iiik 
intersecting  a  layer  of  coal,  however  thin  ;  and  most  of  the  trees 
terminated  downwards  in  seams  of  coal "  (Elements  of  G^logy, 
p.  391). 

Yet  had  the  underclay  been  really  the  ancient  soil  we  might 
reasonably  expect  to  find  the  trees  extending  downwards  to  it 

This  south  Joggins  section  is  described  in  more  detail  by  Sir 
J.  W.  Dawson  (Acadian  Geology,  chap.  xL).  In  glancing  through 
the  details  of  the  beds  there  given  it  is  observable  that  the  greater 
nniuher  of  erect  trees  are  in  the  roofs  of  the  Coal-seams.  The  erect 
position  of  such  trees  is  generally  supposed  to  indicate  that  they 
are  in  their  original  position  of  growth.  M.  Fayol,  however,  has 
pointed  out  that  in  the  Coal-fields  of  Central  France  a  certain 
number  of  stumps  of  trees  occur  at  right  angles  to  the  planes  of 
bedding,  although  a  larger  number  are  horizontal,  or  inclined  at 
various  angles  ;  and  yet  he  has,  I  think,  conclusively  shown  that 
the  coal  of  this  district  is  of  drift  origin.  Hence  we  must  admit 
that  the  occurrence  of  a  few  erect  trees  is  in  itself  no  sufiScient 
evidence  that  they  are  in  the  position  of  growth. 

Dr.  Croll  has  pointed  out  the  almost  entire  absence  of  old  land 
surfaces  throughout  the  geological  series  except  the  coal  and  under- 
clays  of  the  Carboniferous.  The  familiar  "  Dirt  bed  "  of  the  Isle  of 
Portland  is  one  of  the  few  exceptions.  We  must  also  except  the 
Coal  seams  of  the  Yorkshire  Oolite  of  which  Sir  A.  Kamsay  has  said 
that  they  "  have  not  been  formed  of  drift  vegetation,  for  underneath 
each  bed  there  occurs  an  underclay,  or  old  soil,  charged  with  the 
roots  of  those  plants  the  decay  of  which  on  the  spot  formed  the  thin 
beds  of  coal"  (Physical  Geology  of  Great  Britain,  pp.  194-o). 

And  Sir  J.  W.  Dawson  writing  of  the  strata  of  the  Erian 
(=  Devonian)  system  of  America,  states  that  they  "include  fossil 
soils  of  the  nature  of  underclays.  in  which  little  else  appears  to  have 
grown  than  a  dense  herbage  of  Psilophyton,  along  with  plants  of  the 
genus  Arthrostigma*'  (Geological  History  of  Plants,  p.  105). 

If,  then,  we  accept  the  belief  that  the  underclays  of  the  Carbon- 
iferous are  old  land  surfaces  we  are  forced  to  the  conclusion  that  the 
physical  conditions  of  that  period  have  been  unique — at  least  as  far 
as  regards  Europe.  Perhaps,  however,  this  conclusion  is  inevitable 
in  whatever  light  we  regard  the  underclays. 

Sir  Wm.  Logan  considered  it  a  universal  rule  in  the  South  Wales 
Coal-field  that  a  bed  of  coal  reposed  on  an  underclay,  and  the 
generalisation  has  been  extended  to  all  our  Coal-fields.  But  there 
are  exceptions,  and  coal  is  found  at  times  resting  on  ordinary 
sandstone  or  shale.  And  underclays  without  any  Coal-seams  resting 
upon  them  are  of  common  occurrence.  Thus  in  the  South  Joggins 
secticm  of  14,570  feet  in  thickness  there  are  said  to  be  76  coal  seams 
and  90  stigmarian  underclays ;  so  that  at  least  14  of  these  latt«r  are 
without  accompanying  coal.  Indeed,  according  to  Sir  J.  W. 
Dawson's  method  of  interpretation  there  are  something  like  2iJ8  old 
Ignd  surfaces  in  this  remarkable  section,  and  he  notes  that  **  the 
^- JbRft  BOil^^^mnch  more  frequently  preserved  than  the  foiesti 
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3 

Sandttone    ... 
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0 

Fireclay 

23 

0 

Coal 

1 

6 

Fireclay 

9 

0 

Argillaceoua  ahale 

IS 

0 

Coal 
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6 

Sandstone    ... 

4 

0 

Fireclay 

10 

0 
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Interesting  examples  of  the  independent  ooourrenoe  of  coal  and 
nnderday  are  also  met  with  in  the  Carboniferous  rocks  of  Scotland, 
where  in  not  a  few  cases  they  are  separated  by  beds  of  sandstone. 
The  following  sections  from  the  Survey  Memoir  of  the  Geology  of 
Edinburgh  (32  Scotland,  1861)  may  be  taken  as  examples: 

rp.  DC.  rr.  in. 

(1).  Coal             0    3              (2).    ( Coal         2  0 

J  Fireclay 4  0 

f  Coal         2  0 

Sandstone  and  shale  45  0 

Fireclay       18  0 

(p.  106.) 


(p.  100.) 

Underclays  thus  occurring  without  coal  are  accounted  for  by  Sir 
Henry  de  la  Beche  as  follows  (Memoir,  South  Staffordshire  Coal- 
field, p.  338) : 

"  As  will  be  readily  understood,  cTen  all  traces  of  a  coal  above 
a  Stigmaria  bed  may  be  absent,  either  from  the  carbonaceous  matter 
having  been  removed  by  the  stream  or  current  of  water  which 
deposited  new  matter,  such  as  sand,  above  it,  or  from  the  conditions 
not  having  been  so  far  advanced  as  to  permit  the  Stigmaria  bed  or 
soil  to  be  coated  over  with  such  carbonaceous  matter." 

But  denudation  by  streams  of  Carboniferous  vegetation  can  scarcely 
have  been  sufficiently  uniform  over  large  areas  to  account  for  the 
entire  absence  of  coal  over  Stigmarian  clays ;  such  denudation  would 
rather  cut  channels  and  hollows  in  the  coal.  It  would,  moreover, 
have  left  marks  of  denudation  in  the  underlying  clay. 

And  even  in  those  cases  in  South  Wales — mentioned  in  a  note  on 
the  same  page  of  the  Memoir — where  the  carbonaceous  matter  has 
been  "entirely  removed,  and  even  channels  cut  in  the  supporting 
Stigmaria  beds,'*  it  is  difficult  to  believe  that  the  deposit  of  vegetable 
matter  could  disappear  so  entirely  and  leave  no  tra^•e  of  its  presence. 
Sir  H.  de  la  Beche  speaks  of  the  erosion  having  taken  place  when 
the  coal  was  "unconsolidated";  but  the  carrying  away  of  a  dense 
mass  of  vegetation  firmly  rooted  in  clay  would  require  currents  of 
considerable  force.  Still  there  is  no  difficulty  in  understanding 
denudation  cutting  channels  in  the  coal — like  the  "Horse"  in  the 
Forest  of  Dean — but  denudation  which  will  neatly  slice  off  a  layer 
of  coal  from  its  supporting  nnderclay  is  another  matter. 

Other  cases  occur  in  which  the  same  seam  of  coal  rests  partly 
on  an  nnderclay,  and  partly  on  sandstone.  The  following  three 
examples  are  from  the  Memoir  of  the  South  Staffordshire  Coal-field  : 

(1)  "  There  is  often  above  it  a  bed  of  fireclay  or  clunch  a  few 
feet  in  thickness,  supporting  the  sulphur  coal,  but  that  is  frequently 
absent,  and  the  coal  rests  directly  on  the  rock  "  [a  sandstone,  known 
as  the  New  Mine  Coal  rock]  (p.  195). 

(2)  "  The  upper  measure  is  generally  fire-clay  or  clunch,  supporting 
the  fireclay  coal,  and. varying  in  thickness  from  2  to  10  feet.  This, 
however,  is  sometimes  wanting,  and  the  fire-clay  coal  rests  directlY 
on  a  '  strong  rook '  or  hard  sandstone  "  (p.  203). 
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(3)  "  The  Bottom  coal  nsually  rests  on  a  bed  of  fire-day  some 
feet  in  thickness.  In  many  iostanoes,  however,  this  is  wanting,  and 
the  coal  rests  on  hard  sandstone,  the  change  from  one  material  to  the 
other  being  sometimes  very  abrupt  '*  (p.  209). 

And  underclay  is  at  times  so  associated  with  sandstone  as  to 
suggest  for  it  a  similar  origin  as  to  place  and  manner.  For  example, 
in  the  Survey  Memoir  of  the  Yorkshire  Goal-field  we  have  the 
following  section : 


IT. 

ni 

V/uRi                •••                 •••                  •••                  •«• 

•  •• 

•  •• 

0 

9 

Vnderclay  with  band*  o/tandstone 

•  •• 

•  •• 

3 

4 

Black  shale 

•  •  • 

•  •  • 

0 

1 

Underclaj          

•  •• 

•  •  « 

1 

8 

PT. 

IN 

3 

6 

0 

8 

1 

6 

1 

9 

2 

0 

4 

1 

2 

0 

On  the  other  hand  underclay  may  be  mixed  with  sandstone,  as 
in  the  case  of  a  white  sandstone  3  ft.  6  in.  thick,  met  with  in 
a  boring  at  Seaton  Carew  (Durham),  and  separated  from  a  ooal- 
seam  above  by  4  in.  of  dark-blue  shale  (Notes  on  the  Seaton  Caxew 
Boring.     J.  W.  Bird.     Nov.  8th,  1888). 

A.ud  in  whatever  place  and  manner  underclays  were  formed, 
vegetable  matter — probably  drift — must  in  some  oases  have  had 
access.  For  fragmentary  masses  of  coal — in  the  form  of  strings  and 
veins — are  at  times  found  in  it,  as  in  the  following  section  from  the 
Survey  Memoir  of  the  Yorkshire  Coal-field  : 

V/Uttt  •••  •••  •••  •••  *••  ••• 

Uunderclay  and  Coal-veins      

Sandy  underclay  

Sandy  shale 
Sandstone 

Underclay  and  Coal-veins        

Underclay  2    0     (p.  619). 

It  is  difficult  to  draw  any  distinction  as  to  mode  of  origin  between 
such  ca»es  and  those  in  which  the  coal  appears  to  play  the  r6U  of 
*'  partings  *'  in  a  seam  of  underclay,  as  in  the  following  section: 

*  ' Met  1      •«*       •••       •••       •••       •••       ••• 

L/uQOrCl&Y  •••  •••  •••  •••  ••• 

Vy  OUL  •••  •••  •••  •••  •••  ••• 

Underclay 

V/ V*' 1  •••  •••  •••  •••  •••  ••« 

Underclay 

V  vfUX      •••       •••       •••       •••       •••       ••• 

(Survey  Memoirs,  Yorkshire  Coal-field,  p.  167). 

From  this  we  pass  naturally  to  the  case  of  a  Coal-seam  in  which 
the  underclay  partings  attain  the  same  thickness  as  the  intervening 
coal,  as  in  the  following  section  of  a  portion  of  the  *'  Fire-clay"  coal 
of  the  South  Staffordshire  Coal-field : 

J^tvl6  OOU  •••  •••  •••  •••  •»• 

A  irc*>vittjr  •••  •••  •■•  •••  ••• 

*  yVAX     •••      •••      ••»      •••      •••      ••• 

JTUnB^OUlT  •••  •••  •••  •••  ••• 

^^^^B*  •••  •••  •••  •••  •*•  ••• 
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And  from  thia  to  an  ordinary  Coal-seam  with  "partings"  of 
mderolaj,  as  in  the  following  section  of  the  Beeston  Bed  Coal, 
B  but  a  step : 

\>fNU  •••  •••  •«•  ••«  •••  •••  i       V 

Underclaj         0    3 

^/^MU  •••  *«•  •••  •••  •«•  *••  X        V 

Underalaj         0    5 

\jvUX  •••     ••■     •••     ••*     •••     •■•     V   O 

TJndeielAy         1    6 

XyvSU  ••■  •••  •••  **•  •••  «••  V        w 

UndeieUj         0    2 

\^^NU  •••  ••«  «••  •••  •••  •••  w        M 

Undeiday         0    7 

^-'vHA  •••  «•«  ••*  ••«  •••  «««  \r  A 

TJnderelaj         0    2 

V/^AU    •••     •••     •••     •••     •••     •••     &  ^9 

(Soryey  Memoir.  Torkshire  Coal-field,  p.  192). 

Are  we  to  look  upon  each  "  parting  "  of  underolay  as  a  separate 
(oil  and  the  foundation  of  a  distinct  marsh  ?  And  if  so,  ought  we 
3ot  also  to  consider  all  ordinary  ''  partings "  of  a  shaly,  slaty,  or 
clayey  natnre?  It  is  a  little  difficult  to  understand,  granting  the 
formation  of  the  underclay,  how  a  stratum  of  clay  two  or  three 
inches  thick,  could  support  the  large  trees  which  formed  the  greater 
part  of  the  Carhoniferous  forests ;  and  the  earth  movements  required 
in  the  case  of  the  ahove  seam,  supposing  the  underclay  to  be  formed 
in  shallow  water  and  the  coal  on  land,  would  be  as  follows : 

After  the  formation  of  the  lower  1  ft.  8^  in.  of  coal,  there  must  have 
been  a  sinking  of  the  land  to  the  extent  of  two  inches  beyond  the 
thickness  of  the  bed  of  vegetable  matter.  This  must  have  been 
followed  by  a  pause  of  sufficient  length  to  allow  of  the  accumulation 
of  two  inches  of  underclay  in  the  shallow  water  and  the  growth 
upon  it  of  sufficient  vegetable  matter  to  form  two  inches  of  coal, 
lliis  must  have  been  followed  by  a  submergence  of  this  coal  to  the 
depth  of  seven  inches,  and  a  pause  long  enough  for  the  deposition 
of  seven  inches  of  underclay  and  the  growth  upon  it  of  two  inches 
of  coal.  And  so  on  to  the  top  of  the  section.  It  is  questionable 
whether  we  are  justified  in  calling  in  such  a  system  of  earth- 
movements. 

Finally  it  must  be  observed  that  a  fine-grained  deposit  such  as 
underclay  is  what  we  should  expect  to  find  beneath  the  coal  on 
some  such  hypothesis  of  its  drift  origin  as  that  of  Mr.  Goodchild 
(Geological  Magazinr,  July,  1889).  For  in  a  gradually  sinking 
area  the  zone  of  deposition  of  sandstone  and  shale  would  gradually 
give  place  to  that  of  clay  and  vegetable  matter.  Again,  the  want  of 
lamination,  which  is  such  a  striking  feature  of  underclays  in  general, 
would  be  a  probable  consequence  of  deposition  in  deep,  quiet  water, 
far  from  land,  since  the  supply  of  fine  sediment  would  remain  so 
long  suspended  that  its  settling  down  would  be  likely  to  be  un- 
interrupted and  almost  uniform. 

There  are  two  ways  in  which  lamination  may  be  produced  : 

(1)  By  flat  plates  of  mica,  which  settle  down  more  slowly  than 
the  sand    and  mud,  but  in  the  same  zone  of  sedimentation,  and 
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t^as  fonniiig  aeparate  layers,  cause  the  tatter  to   split  np  when 
«.ir.*-"li.i«t*J. 

^'  Bt  the  periodical  tupplg  of  sediment — as  b;  floods  oocnning 
ar.  :;::«rTalg — m  ibat  one  layer  gets  settled  down  and  partiallj 
».  :  -ifi^tl  before  the  arrival  of  tlie  next  supply. 

lv^(h  causes  of  lamination  are  absent  in  the  deep  sea  Eone  of 
diftwiiion ;  the  particles  of  mica  are  too  small,  and  the  aupplj  o! 
t*i::nient  loo  continuous. 

And  the  nature  of  the  beds  immediately  aasociated  with  onder- 
clars  is  at  times  suggestive  of  a  deepiah  water  origin.  Thus  ire 
fw<)uently  find  a  sandstone  succeeded  in  ascending  order  by  a  shale, 
next  to  which  comes  an  underclay,  upon  which  rests  a  bed  of  coal, 
u  in  the  following  examples  from  the  Yorkshire  Coal-field  : 

( C  "■  "' 

J    D 

(Coil 

UoderclBT  and  innutone  DoddM        9     0 

Soft  black  shale  0  10 

Shale  aod  iroDstoDe      S     0 

Saiidf  Bhale  Bnd  undMone      4    0 

(Siurej:  Memoin,  p.  7H.) 

(2)  Coal        l"  d  ' 

UndeivlaT  0     7 

Shale  and  iroiutaiie  aodulea     3    0 

SaDdstone  1     3 

(Surrej  Memoin,  p.  712.) 
And  a  glance  through  the  sections  given  in  the  above  Memoir  shows 
that  such  an  order  of  succession  is  exceedingly  common — it  may, 
indeed,  almost  be  said  to  be  typical — wliile  those  aliove  the  coal 
show  not  infrequently  an  inverse  order,  as  in  a  portion  of  the  Seaton 
Carew  boring  given  below  : 

GreT  sand&tone 4     0 

Dar\ -grey  land  T  ehale 0     7 

Coal       0  10 

Dark-brown  fire-clav 1     3 

Dark-brown  Bandrehale         2     8 

Dark-grer  sBodT  <h»le 18 

mite  eaiidattine  26    8 

The  obvious  and  usual  interpretation  of  such  a  succession  beneath 

the  nnderclay  would  be  a  change  from  ihe  shallow-water  sandstone 

conditions,  throagh  the  deeper  zone  of  shale  to  still  deeper  where 

ftfine-grained  underclay  was  laid  down.     Above  the  ooal,  again, 

utural  interpretation  would  he  shallowing  water.      And  tlie 

nag  section  from  the  Lower  Curbouiferous  of  East  Lothian  is 

LimMion!.-  10  feet. 

Seam  ii(  mal,  10  inctiei,  and  _firt-etay  onder. 

Shfllu. 

While  Umi^nUnts. 
■ny  MmBoiif.  East  Lothtan,  p.  64.) 

A  lower  liiuestono  oontaius  marine  fossils :  Produeliia  sp.,  Alhgrii 
''hj/Hchoaella  gUvrodoti,  Lithoatrotion  juneeuvi,  and  L.  irrtgMr 
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lare.  And  the  upper,  which  rests  immediately  on  the  coal,  contains : 
Hhynchonella  pleurodon,  var.,  Fenesiella  plebeia,  Enerinites,  etc.  Here 
the  interpretation  of  conditions  would  naturally  be  deepish  water 
for  the  lower  limestone,  a  change  to  shallower  for  the  shale,  and 
after  the  deposition  of  the  underclay  and  coal  a  return  to  such 
deepish  water  for  the  upper  limestone. 


V. — On  the  Ocgubbbmos  of  a  Black  Limestone  in  the  Stbata 

OF  THE  Maltese  Islands. 

By  John  H.  Cookb,  F.O.S.,  etc. 

WHILE  engaged  in  the  examination  of  the  superficial  deposits 
of  the  Mdtese  Islands,  I  have  often  met  with  rounded  pebbles 
and  angular  fragments  of  a  black,  crystalline  limestone,  either  lying 
on  the  rock  surfaces,  or  embedded  in  the  Quaternary  formations. 

The  late  Professor  Leith  Adams  drew  attention  to  the  same  fact  as 
long  ago  as  1867,  and  in  a  paper  which  was  published  in  the  Quart 
Journ.  Geol.  Soa  he  expressed  an  opinion  that  the  fragments  which 
he  had  seen  lying  on  the  surfaces  of  the  sides  and  summits  of  the 
Gozitan  Hills,  belonged  to  a  formation  that  was  of  a  much  later  age 
than  any  of  the  rocks  that  are  now  to  be  found  in  situ  in  the  islands.' 

Dr.  John  Murray,  too,  notes  in  his  brochure^  on  the  Maltese 
Islands  the  occurrence  of  similar  fragments  in  the  neighbourhood  of 
Marsa  Scirocco,  and  he  further  adds  that  no  evidences  of  the  rock 
having  been  found  in  situ  in  the  islands  had  hitherto  been  recorded. 
The  remarks  of  these  gentlemen  led  me  to  consider  the  matter 
attentively,  and  I  have,  during  the  last  year,  been  carrying  on 
investigations  with  the  object  of  discovering  the  origin  of  the  black 
marble,  the  result  of  which  has  been  to  show  that  it  is  but  a  variety 
of  the  Lower  Coralline  Limestone,  the  basement  bed  of  the  Maltese 
series,  and  that  it  occurs  extensively  tti  situ  in  that  formation.  In  the 
eastern  and  south-eastern  parts  of  Malta  considerable  quantities  of 
rounded  boulders  and  angular  fragments  of  black  limestone,  that 
vary  in  size  from  a  walnut  to  a  medium-sized  pumpkin  occur  in 
the  beds  of  the  gorges,  in  the  soil  of  the  fields,  and  in  all  those 
localities  where  the  Globigerina  limestone  has  been  eroded  away, 
and  the  underlying  basement  rock  has  been  exposed  to  view. 

In  the  Quaternary  strata,  too,  of  both  Malta  and  Gozo  these 
fragments  are  especially  numerous.  The  elephant  bed  in  the  Benhisa 
Creek  at  the  south-eastern  extremity  of  Malta  affords  a  characteristic 
example  of  their  mode  of  occurrence  in  the  diluvial  beds  of  the 
island. 

In  this  bed  large  water-worn  boulders,  having,  when  broken,  a 

*  Dr.  Adams  says,  "  Indications  of  more  recent  beds  are  seen  in  the  blocks  of 
weathered  limestone  known  as  Gozo  marble  which  are  seen  strewing  the  valley  east- 
ward of  the  lighthouse  on  the  northern  shore,  and  in  fragments  of  a  black  limestone 
or  marble  which  strew  the  sides  and  summits  of  the  Gozo  Hills.  There  can,  [ 
believe,  be  no  doubt  that  these  fragments  have  no  connexion  whatever  with  any  of 
the  recent  formations  in  the  islands." 

^  ''The  Maltese  Islands,  with  special  reference  to  their  Geological  Structure," 
Scottish  Geol.  Mag.  September,  1890. 
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jet-black  lustre,  oocar  at  different  depths  intermixed  with  boulden 
and  fragments  of  other  colours,  eighty  per  cent  of  which  are  it 
once  recognizable  as  having  been  derived  from  the  formation  oat  of 
which  the  creek  has  been  formed.  They  generally  lie  with  their 
longer  axes  in  a  horizontal  direction,  forming  well-defined  layers  of 
several  feet  in  thickness,  alternating  with  beds  of  a  rich  red  soil, 
containing  the  remains  of  several  extinct  species  of  elephants. 

It  was  to  this  part  of  the  island  that  I  first  directed  my  attentioi 
in  my  search  for  the  origin  of  the  bed  from  whence  theee  boulden 
and  pebbles  had  been  derived,  as,  owing  to  the  great  amount  of 
denudation  to  which  the  country  around  had  been  subjected,  tiie 
whole  of  the  beds,  that  had  formerly  overlain  the  basement  rock, 
had  been  completely  swept  away,  and  the  Lower  Coralline  Lime- 
stone had  been  laid  bare  over  an  area  of  several  square  miles  in 
extent  The  first  evidence  of  the  black  limestone  occurring  tii  site 
appeared  on  the  road  between  Benhisa  and  Uied  el  Mista.  The 
exact  spot  is  situated  directly  opposite  to  II  Mara,  at  a  distance  of 
about  400  yards  from  the  sea  cliffs.  It  consists  of  a  patch  of  black 
crystalline  marble,  which  is  similar  in  every  respect  to  the  limestone 
of  which  the  boulders  and  pebbles  are  composed.  The  patch  extendi 
half-way  across  the  road,  and  on  the  off  side  a  cart-rut  has  been 
formed  in  it  to  a  depth  of  eight  inches.  It  occurs  in  division  b  of 
the  Lower  Coralline  Limestone,  but  as  no  sections  were  in  the 
vicinity  it  was  not  possible  to  determine  its  thickness.  Judging, 
however,  from  a  fragment  which  I  detached  at  the  bottom  of  the 
rut,  and  which  showed  a  gradual  transition  of  the  black  into  the 
characteristic  yellow  variety  of  the  formation,  it  is  not  probable  that 
it  is  more  than  a  foot  I  broke  off  several  pieces  and  made  sections 
of  them,  as  well  as  of  several  of  the  pebbles  from  the  Benhisa  Creek, 
which  is  not  more  than  a  mile  away. 

An  examination  under  the  microscope  showed  the  specimens  from 
both  localities  to  have  a  granular  texture,  with  here  and  there 
numerous  well  defined  patches  of  calcite  having  a  semi-radiated 
structure. 

The  insoluble  residue  that  resulted  after  treatment  with  hydro- 
chloric acid  was  chiefly  composed  of  siliceous  particles,  and  of 
flocculent,  carbonaceous  matter  which  remained  in  suspension  in 
the  solution  for  some  considerable  time.  Both  were  hard,  compact, 
and  crystalline ;  and  chemical  analysis  revealed  the  presence  of 
sulphide  of  iron.  The  specimens  were  evidently  identical.  About 
one  mile  from  this  spot,  and  situated  about  200  yards  to  the  weet 
of  Ghar  Hasan's  Cave  on  the  same  coast,  there  is  another  patch  or 
vein,  which  is  similar  in  every  respect  to  that  to  which  referenoe 
has  just  been  made.  It  occurs  on  the  cliff  edge,  and  at  the  western 
extremity  of  the  first  wall  which  is  met  with  after  leaving  the  cave. 
It  is  but  small,  having  a  diameter  of  four  feet  only,  and  as  it  does 
not  abut  on  the  cliff  face  its  thickness  was  not  shown. 

Neither  of  the  patches  were  of  any  great  extent,  and  would  not 
of  themselves  be  sufficient  to  account  for  the  quantities  of  blocks 
and  fragments  that  lie  scattered  over  the  rock  surfaces  in  their 
vioinitjr.    It  is  probable  that  they  are  the  remnants  of  the  patches 
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mA  Teins  that  formerlj  oooarred  in  those  portions  of  the  Lower 
Coralline  Limestone  that  were  hroken  up  when  the  npper  deposits 
)f  the  distriot  were  swept  away.  As  I  shall  afterwards  show  when 
ieeoribing  the  oooorrenoe  of  similar  veins  in  the  Gkizitan  heds,  this 
3lack  crystalline  Tariety  of  the  hasement  rook  is  still  very  common 
in  the  npper  layers  of  that  formation.  In  the  Malta  district  to 
prhioh  I  have  jnst  been  referring  these  upper  layers  have  been 
sompletely  swept  away,  and  nearly  all  traces  of  black  veins  have 
thns  been  obliterated. 

In  Qozo  its  mode  of  ooourrenoe  may  be  studied  to  the  best 
advantage  in  the  Lower  Limestone  quarries  that  are  situated  on  the 
soatbem  ooast  in  doee  proximity  to  the  church  of  the  Madonna  della 
Elala,  and  immediately  opposite  the  islet  of  Comino.  Fragments  of 
a  red  as  well  as  of  a  black  variety  are  strewn  around  the  hillsides  in 
great  number,  while  quantities  of  red  and  of  black  chippings  are  to 
be  found  intermixed  with  the  debris  of  the  quarry. 

The  sections  that  the  quarrymen  have  cut,  show  that  both  varieties 
occur  in  thin  irregular  veins  of  from  one  foot  to  three  feet  in  thick- 
ness, and  from  ten  to  twelve  feet  in  length ;  or  as  irregularly  shaped 
patches  having  diameters  ranging  from  three  to  eight  feet.  In 
some  instances  several  smaller  veins  ramify  from  the  main  seam, 
and  after  pursuing  an  irregular  course  of  a  few  feet  in  a  horizontal 
direction,  they  break  off  abruptly. 

It  is  in  and  around  the  **  Scutella  *'  seam  which  forms  the  capping 
of  the  Lower  Limestone,  that  the  greatest  number  of  veins  and 
patches  seem  to  occur ;  they  are,  however,  found  in  the  underlying 
divisions  also. 

The  different  varieties  of  rock  vary  greatly  in  their  lithological 
aspects  in  different  parts  of  the  bed.  In  the  upper  divisions  they 
are  of  a  coarse  texture  and  granitic  appearance,  and  their  fossil  con- 
tents consisting  of  OrbitoideSy  Echini^  and  spines  are  plainly  discern- 
able ;  but  in  the  lower  parts,  their  close  fine  grain  causes  them  to 
exhibit  an  exceedingly  homogeneous  appearance.  Another  locality 
in  which  the  red  variety  is  extensively  developed  is  the  bottom  of 
the  valley  which  is  situated  midway  between  Ras-el-Hecca  and 
Uied  tal  Assiri  on  the  northern  coast  of  Gozo.  The  torrent  that 
tears  its  way  down  the  bed  for  a  few  occasional  hours  during  the 
rainy  season  has  there  laid  bare  the  baeement  rock,  and  has  exposed 
a  large  patch  of  bright,  red  limestone  that  answers  in  every  par- 
ticular to  the  rock  of  which  the  numerous  fragments  that  lie 
scattered  over  the  surrounding  slopes,  are  composed. 

In  common  with  the  other  rock  fragments  with  which  the  country 
is  strewn,  there  can  be  no  doubt  but  that  these  black  and  red 
varieties  were  derived  from  the  island's  formations  at  a  time  when 
the  forces  of  denudation  were  much  more  active  than  they  are  at 
present.  The  numerous  oscillations  of  level  that  the  islands  bear 
evidences  of  having  undergone,  and  the  extensive  erosion  to  which 
they  were  afterwards  subjected  by  the  combined  action  of  frost  and 
rain,  are  probably  to  be  accounted  among  the  most  potent  of  the 
forces   that  assisted  in  planing  down  the  islands'  rocks,  and  in 
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distributing  the  debris  throagbout  the  Qaatemary  and  the  Beoeot 
deposits.  The  thin  integument  of  soil  that  oovers  the  surface  etea 
in  those  localities  where  denudation  has  been  the  most  seTere, 
masks  from  view  the  rocks  beneath ;  and  this,  combined  with  the 
fact  that  but  few  clean  cut  sections  of  the  Lower  Coralline  Limestone 
are  exposed  inland,  affords  an  explanation  for  the  obscurity  of  these 
thin  veins  of  black  limestone,  and  for  the  doubt  with  which  their 
occurrence  in  the  Malta  rocks  has  hitherto  been  regarded. 


VL — The  Disco vebt  of  Tbrbbhatulixa  substriatj^  Schlothidi, 

IN  Yorkshire. 

By  JoHX  Francis  Walker,  M.A.,  F.G.S.,  etc. 

SEVERAL  years  ^o  Mr.  W.  H.  Hudleston,  Prof.  J.  F.  Blake 
and  myself  obtained  large  quantities  of  Waldheimia  (ZetUeria) 
Hudletitom,  Walker,  from  the  quarry  on  the  Suffield  Heights  near 
Scarborough.  I  had  separated  several  specimens  which  appeared  to 
differ  from  the  typical  form ;  on  rearranging  my  collection,  I  care- 
fully examined  them,  and  found  that  they  were  covered  with  ^e 
strise  and  also  had  the  characteristic  form  of  the  genus  Terebratuiina, 

The  bed  in  which  they  occur  is  descril>ed  by  Hudleston  and  Blake, 
Q.J.G.S.  vol.  xxxiii.  p.  331.  This  quarry  has  been  long  noted  for 
the  quantity  of  small  sponges,  Spongia  flortceps,  Spongia  eoraUinat 
etc.,  which  it  contains.  It  is  to  be  noticed  that  Quenstedt  *'di6 
Brachiopoden,"  p.  224,  states  that  this  brachiopod  appears  to  prefer 
exclusively  a  spongy  layer  as  its  dwelling  place.  Quenstedt,  op.  cit, 
gives  the  following  varieties  of  Terebratuiina  substriata,  var.  alba,  from 
Weiss  Jura,  7,  and  var.  sHicea,  var.  marmorea  from  Weiss  Jura,  L 

The  Yorkshire  specimens  appear  to  be  most  like  the  variety 
Terebratuiina  suhstrialn,  var.  alba,  but  are  generally  less  convex  and 
have  the  striae  finer  and  more  numerous.  If  this  shell  should  require 
a  varietal  name  it  might  be  called  var.  Suffieldensis, 

As  Mr.  S.  S.  Buckraan  and  myself  are  preparing  a  paper  on  the 
species  of  Jurassic  Brachiopoda  which  have  been  discovered  since 
Davidson's  work  was  completed,  I  will  not  further  discuss  this 
species.  I  have  presented  to  the  British  Museum  a  specimen  of 
this  Brachiopod. 

VII. — Eecent   Observations   on   the   Geology    of    the    Lizabd 

District,  Cornwall. 

By  Alexander  Sumekvail.  Esq. 

DURING  a  stay  of  nearly  six  weeks,  made  last  July  and  August, 
at  the  Lizard,  Cornwall,  1  had  ample  opj)ortunity  of  correcting 
former,  and  making  some  fresh  observations. 

With  regard  to  the  first  of  these,  and  to  some  of  the  stricturee 
recently  passed  on  them,  I  found  that  I  had  little  or  nothing  to 
regret  as  to  what  I  had  already  written  on  the  subject,  with  the 
exception  of  the  "felsitic-like-rock"  at  Housel  Cove,*  which  I  should 
Bow  rather  regard  as  a  mass  segregated,  or  separated  out  of  the 

ik  •  -  *  Gbol.  Mao.  Vol.  VI.  1889,  p.  114. 
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omnion  magma,  than  as  an  altered  portion  of  the  bomblende-Bchist 
M  I  then  desoribed  it — my  objeot  at  the  time  being  to  show  that  it 
fB8  not  a  dyke ;  a  view  I  am  still  Gonvinoed  of.  I  now  pass  on  to 
eoent  observatioDS. 

Theee  latter  observations  were  made  over  the  whole  area,  that  is, 
rom  Polurrian  on  the  west  to  Porthallow  on  the  east,  both  of  these 
ocalities  marking  the  boundary  between  the  killas  or  slates  on  the 
lortb,  and  the  igneous  rocks  of  the  Lizard  district  to  the  south. 

I    shall   briefly  localize  these  observations,   begiuTiing  with : — 

Porthallow. — In  the  killas  or  slates  here,  at  a  few  feet  from  their 
nnction  with  the  hornblende  and  serpentine  series,  there  is  a 
[uartzose-like-rock  at  the  base  of  the  olifT,  immediately  below  the 
ron-lode  described  by  Mr.  J.  H.  Collins,  F.G.S.^  The  relations  of 
;he  quartzose-like-rock  to  the  surrounding  slates  is  exactly  like 
;hat  of  an  intruded  igneous  mass,  which  also  in  its  upper  portion 
x>ntain8  included  fragments  of  the  slate.  On  breaking  well  into 
this  intrusive  like  rock,  its  interior  is  found  to  present  a  very 
lififerent  aspect  from  its  exterior;  the  former  is  chloritic-like,  re- 
sembling a  diabase  that  has  undergone  much  alteration.  It  contains 
Gi  large  amount  of  iron-pyrites,  and  recalled  to  my  mind  the  chloritio 
rocks  of  the  Start  area  in  Devonshire,  especially  those  near,  or  at 
the  junction  with,  the  slates  in  the  Bickerton  Valley. 

Following  the  cliff  towards  the  Inn,  at  about  36  paces  from  which 
(near  a  building  with  outside  stair  and  thatched  roof)  a  gabbro 
(much  decomposed)  most  unexpectedly  occurs,  where  only  the 
onlinary  slates  were  hitherto  supposed  to  exist.  This  gabbro  has 
all  the  appearance  of  cutting  through  the  slates  and  the  arenaceous 
beds  associated  therewith ;  but  on  this  point  I  could  not  arrive  at 
absolute  certainty.  In  the  cliff  behind  the  Inn  there  is  also  diorite 
of  the  greenstone  type,  but  much  decomposed.  Higher  up  the  road, 
behind  and  forming  the  foundations  of  the  cottages,  there  is  more 
^bbro  and  diorite,  the  former  rock  cropping  out  on  the  roadway 
and  continuing  southwards  in  the  direction  of  the  road. 

The  occurrence  of  these  rocks,  where  only  slates  were  supposed  to 
exist,  is  of  considerable  importance,  especially  as  they  seem  to  rise 
through  the  slates,  as  does  also  the  adjoining  serpentine  at  Pen- 
garrock,  which,  if  the  case,  when  connected  with  the  gabbro  and 
serpentine,  and  perhaps  even  the  greenstone  occurring  at  Nare 
Head,  Gerran  Bay,  would  clearly  prove  these  Lizard  eruptive  rocks 
to  be  subsequent  to  the  killas.  However  this  may  be,  the  occurrence 
9f  the  gabbro  and  diorite  or  greenstone,  forming  the  cliff  described, 
ivill  necessitate  a  very  considerable  alteration  of  the  boundary  on 
the  present  map. 

Returning  again  to  the  junction  on  the  coast  between  the  eruptives 
smd  slates,  I  examined  the  hornblende-schist  which  immediately 
succeeds  the  serpentine,  tracing  it  along  the  entire  length  of  the 
top  of  the  cliff  where  it  has  been  quarried.  It  certainly  is  a  very 
variable  rock,  in  some  portions  schistose,  in  others  quite  massive ; 
in  one  portion  a  diorite,  in  another  passing  into  a  variety  of  green- 

^  Quart.  Journ.  Geol.  Soc.  vol.  40,  1884,  p.  463. 
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stone,  and  other  portions  with  a  well-defined  porphyritic  stnictan 
resembling  the  variety  at  Porthoustock.  In  a  sentence,  there  ii 
every  grade  between  a  diorite  and  a  greenstone,  schistose  and  nn- 
sive,  non-porphjritic  and  porphyritic. 

Porthofistock, — Here  I  examined  the  greenstone  on  the  eztreiM 
south  side  of  the  Cove,  and  found  it,  as  I  had  done  on  previofli 
occasions,  traceable  through  many  varieties  into  fine-gniiud 
varieties  resembling  an  aphanite,  and  others  into  epidionte,  whidi 
latter  had  an  apparent  passage  into  the  hornblende- schists  proper. 

Passing  over  the  great  alternating  succession  of  gabbro,  end 
greenstone  or  epidionte  (which  I  have  already  described},'  with  the 
gradual  decrease  of  the  latter  towards  Coverack.  there  is  nothing 
I  have  specially  to  note  except  a  very  remarkable  and  beautifnl 
variety  of  gabbro  occurring  as  a  dyke  in  the  serpentine  on  the 
immediate  west  side  of  Coverack  Pier.  The  diallage  in  this  gabbio 
has  a  brilliant  metallic  silvery  lustre,  being  quite  like  a  mica  at  first 
sight ;  the  only  gabbro  of  the  kind  that  I  am  acquainted  with. 

Black  Head  area, — At  a  little  distance  N.W.  of  Oh\Tihal  Point, 
near  the  base  of  the  cliff,  a  diorite  dyke  one  foot  in  thickness  cuts 
through  the  serpentine ;  and  at  the  Black  Head,  also  at  the  base  of 
cliff,  there  are  two  dykes  of  a  similar  character  in  the  serpentine 
which  have  a  N.N.W.  and  S.S.E.  strike  or  trend. 

In  this  area  the  serpentine  shows  evidence  of  much  disturbance, 
and  from  this  cause,  or  as  a  result  of  cooling,  is  full  of  stmctures; 
among  which  is  a  strongly-marked  surface  foliation  which  has  the 
nsual  N.N.W.  and  SS.K.  strike  which  is  common  to  this  structure 
in  the  serpentine  of  nearly  every  locality. 

On  the  west  side  of  Beagle  Hole  there  are  two  more  diorite  dykes 
in  the  8er]>entine,  and  near  the  Point  there  is  one  of  gabbro ;  and 
two  or  three  more  of  the  latter  occur  (beside  those  of  Downanoe 
and  I^inkidden  Coves  already  known  and  reconled)  on  the  west 
side  of  Lawn  Yitioc.  Beside  these  I  have  no  doubt  that  careful 
search  would  discover  many  more  in  what  are  at  present  regarded  as 
unbroken  masses  of  ser{>entine.  Passing  over  a  large  area  I  have 
nothing  special  to  record  until  near — 

Polpeor  Cove, — It  is  here  and  to  the  westward  that  the  great 
development  of  mica-schist  occurs,  the  origin  of  which  is  a  problem 
yet  waiting  solution.  Many  appearances  would  seem  to  indicate 
that  it  is  an  advanced  stage  in  tlie  metatnorphism  of  the  hornblende- 
schist,  for  the  reasons  already  given  in  my  former  papers.*  I  have 
only  now  to  add  that  on  extracting  a  number  of  lenticular  or  nodular 
decomposed  masses  from  the  heart  of  the  mica-schist  on  the  west 
side  of  the  road  leading  down  into  the  Cove,  and  on  breaking  them 
up  their  centres  were  found  to  consist  of  the  green  porphyritic 
diorite  or  diabase-like  rock  so  common  in  the  reefs  of  the  Cove,  To 
this  may  be  added  the  fact  that  the  mica-schist  west  of  Polpeor 
Cove,  at  and  near  the  Lizard  Point,  contains  similar  nodules  of  the 
ordinary  hornblende-schist. 

1  Gbol.  Mao.  Vol.  VI.  1889,  p.  425. 
»  Gbol.  Mag.  1890,  Vol.  VII.  p.  163. 
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i  Cove. — To  the  soath-west  of  the  Gove  near  to  Ladan 
the  serpentine  there  is  a  djke^  or  vein  of  nearly  pare 
)ntaining  some  white  mica,  biotite,  etc.,  with  a  nearly  north 
I  strike. 

ih  to  Polurrian  Cove. — The  Headland  of  Hensoath  is  by  no 
le  most  northerly  termination  of  the  serpentine,  as  I  foand 
led  in  the  cliff  a  little  below  the  level  of  its  top  quite  oon- 
'  among  the  hornblende-schists  as  far  north  as  Carrag-lnz, 
on  each  side  of  the  npper  portion  of  the  Gove  there.  There 
n  impure  or  transitional  variety  on  the  soath-west  side  of 
ddn-y-ke  which  now  brings  the  serpentine  within  a  few 
yards  of  Polurrian  Cove  where  the  junction  occurs  between 
blende  and  the  killas. 


System  of  Minebaloqt  of  Jambs  Dwight  Dana,  1837- 
Desoriptivb  Mineralogy  (Sixth  Edition).  By  Edward 
BURY  Dana,  Professor  of  Physics  and  Curator  of  the  Mineral 
ction,  Yale  University.  Entirely  Ke-written  and  much 
rged.     Illustrated  with  over  1400  figures.    (London  :  Regan 

Trench,   Triibner   &  Co.,   Limited,   1892.      Boyal   8vo. 
dv.  and  1134.) 

Geologioal   Magazine,  for  October,  1868  (Vol.  V.  pp. 

-463),  we  had  the  pleasure  to  notice  the  fifth  edition  of  this 

uable  work,  which   has  been   before  the   scientific  world 

37,  and  is  likely  to  continue,  for  many  years  to  come,  the 

treatise  on  Mineralogy. 

)  fifth  edition  the  veteran  mineralogist,  Prof.  J.  D.  Dana, 
sted  in  his  difficult  task  by  Prof.  Geo.  J.  Brush,  and  the 
8  then  re- written  and  enlarged  to  827  pages, 
(resent  (sixth)  edition,  issued  after  an  interval  of  nearly 
our  years,  has  been  entirely  re-written  and  much  enlarged 
ssor  E.  S.  Dana,  son  of  Professor  J.  D.  Dana,  and  already 
ly  known  to  mineralogists  as  the  author  of  a  "Text-book 
•alogy,"  published  in  1877  (Triibner  &  Co.),  and  noticed  in 
rx)GicAL  Magazine  (Decade  II.  Vol.  IV.  1877,  pp.  328-29). 
y  the  past  quarter  of  a  century  the  science  of  Mineralogy 
le  very  rapid  progress,  indeed  there  has  probably  never 
me  of  more  active  mineralogical  investigation.  A  striking 
n  of  this  activity  is  shown  by  the  many  new  periodicals, 
started,  devoted  largely,  if  not  exclusively,  to  Mineralogy. 
7\iy  of  mineralogical  workers  is  still  further  evidenced  by 
ihat  within  the  past  twenty- four  years  nearly  one  thousand 
les  have  been  introduced  into  the  science — unfortunately,  not 
r  species,"  although  this  has  been  claimed  for  most  of  them. 
IS  the  important  subject  of  the  optical  properties  of  minerals 
elected,  new  and  improved  methods  and  instruments  for 

locality  of  this  dyke  or  yein  is  rather  difficult  to  find,  the  Serpentine 
:he  Coye  can  guide  anyone  to  it. 
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■tone,  and  other  porUons  with  a  wetl-il' 
reaemblin);  the  variety  at  Porthouatock 
eviTj'  grade  between  a  diorite  and  a  gr^ 
aive.  noM-j)orphyrilic  and  porpbyritio. 

Porlho^utoek. — Here  I  exaiDined  the 
•outli  side  of  the  Cove,  and  foand  it. 
ooGHitidne,  traceable  through  many 
varieties  resenibiing  an  aphanit«,  and 
latter  had  au  apjmrent  passage  into  tl 

l*nBi<ii)(;  over  the  great  alternatii 
grecnHtuiio  or  epidiorite  (whioh  I  bav 
gradual  decrease  of  the  latter  towai 
I  have  Hjiecially  to  note  exoapt  a 
variety  of  gabbro  occurring  &■  a 
iminediiilo  west  siile  of  Coveraok  I' 
has  a  Imltinnt  metAllic  silvery  last 
sight ;  the  only  gabbro  of  the  kin< 

Blturk  Head  area.— At  a  little 
near  the  ))ase  of  the  cliff,  a  diuri 
tliriiutrh  ibe  seri>entine;  and  at  t' 
clitf.  tliere  are  two  dykes  of  a  ^ 
■which  hnve  a  N.N.W.  and  8.8.E. 

In  this  area  the  serpentine  si  '" 

and  from  this  cause,  or  as  a  re^ 
among  which  is  a  strongly-mn 
nsiial  N.N.W.  and  S.8.E.  stril 
in  the  serpentine  of  nearly  evi 

On  the  west  side  of  Ueagle 
in  the  Ber]iontine,  and  near  tVi 
two  or  three  more  of  the  1st 
and  Liinkiddcn  Cuvei  alres' 
side  of  Lawn  Vinoo.  Besid 
search  would  discover  many 
nnliroken  masses  of  serpeni 
nolhitigH[>eciaI  to  record  un' 

Folpior  Cove. — It  is  her^ 
develojimctit  of  luica-sohist 
yet  wailing  sulul'ion.  Mji 
that  it  is  itn  advanced  sta^:-' 
schist,  for  the  reasons  aln--  ., 
only  now  to  aiKl  that  on  (••^  ^.  . 

decomposed  moKses  froo^^^lM*  then 
side  of  the  road  le.iding  i^ 
np  their  centres    were  _  'J 
diorite  or  diabaae-like 
tins  niiiy  bo  added  tl 
Cove,  at  and  nejir  tin 
ordinary  horubk-ude- 
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,   ■!!  the  crystallo- 

'''IK  Leen  mads  n 

'.itul  .-ingles  fortsdi 

I  "III  ibem,  and  finillf 

-  lia\-«  been  oaloulitcd 

ihir independent  mMM 

:"-t  cAsea,  been  calculitsd 

i,v  the  author  hopes  tint 

-lid.    Th«  Mill«mD  indim 

r  twinning,  and  the  pbyneil 

I'sl  aide,  have  been  catefnlij 

:.  with  muah  fiillnesa.     In  ths 

.IV  likely  to  prove  useful  for  ■ 

,]>oaition  of  each,  speoiea.    Thii 

:.uu)  of  the  rare  ipeciea  or  thns 

lining  the  order  obaerred  in  ths 
-..e  abbreviations  used,  the  author 
UFHI,  giving  as  briefly  as  possibls 
,>!■(  of  orystalliEation.  Each  systna 
Titles  of  the  more  important  angle* 
^.«tneta  of  Physical  UiMisAuiar— 
^  uobesion  ]  as  Cleavage,  Fiactnre, 
j,  Specific  Gravity  or  Density.     (3) 

•  -  -as  LuBiro,  Colour,  DiaphaneitT, 
optical  properties  and  anomahM. 

__       lien  explained.     (4)  Characten 
^Xlgnotism  and  £lectrioity.     Tbsss 

•  '  that  they  are  treated  voij  briefly 
specieH ;  references,  however,  ut 

le  subject. 

KALOOv :  the  classiflcstios 
chemical  composition,  and 
physical  chanuilers,  which 
of  individual  ■ 
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.  senides,  Antimoniiles. 
i'liantimonites  and  Sulpha- 

luJides;  Fluorides. 


iindates;  AntunoiiAtei ;  Xitntes. 

r  •.-II  antes. 

:  Oxalates,  Mellates,  etc. 
::'ls. 

i(.-Ii  good  sense  in  modifying  the  objection - 

■<I  in  the  fifth  edition:  such  as  '^Ozjds/' 

Arsenids";  but  others  have  been  retained: 

ritten  "  lodyrite  " ;  "  Hauynite  "  is  preferred 

ui"  is  written  "Noselite";  "Sphalerite"  is 

/'  although  the  latter  is  much  better  known. 

.>ii-es  as ''  Halite." 

lire    trivial    matters  when    one  considers   the 
I  tailed  in  the  careful  production  of  such  a  monu- 

i  of  "Nomenclature"  (pp.  xl.-xlv.)  some  excellent 
iwn,  but  several  of  these  are  more  honoured,  by 
i'lilfathers,  in  the  breach  than  in  the  observance  as 
iiin  of  the  termination  ite  to  proper  names  in  modem 
lilies  of  places,  persons,  eta),   but   the  making  this 
syllable  a  suffix  to  common  words  in  such  languages 
'     The  number  of  such  names  is,  however,  far  too 
ver  to  hope  for  their  elimination. 
is  an  excellent  and  concise  Bibliography  which  will  be 
V  convenient  to  the  student, 
'.italogue  of  American  Localities  of  Minerals  (51  pp.)  will 
of  very  great  service,  forming  a  useful  Gazetteer  to  many 
nown  and  obscure  names  of  places, 
index  is  excellent  and  contains  over  6000  references. 
•  cannot  speak  in  too  high  terms  of  the  way  iu  which  this  new 
■n  of  Dana's  Mineralogy  is  produced.     The  editing  has  been 
:iilly   performed,   and    the    illustrations    and    typography   are 
iiirable.     The  task  must  have  been  one  of  extreme  difficulty  owing 
the  great  number  of  tables  of  figures  of  measurements  of  angles, 
i^mioal  analyses,  and  abbreviations ;  and  the  varieties  of  types  used 
Mironghout  the  text 

We  congratulate  the  author  on  the  issue  of  so  excellent  a  piece  of 
work,  which  must  command  a  world-wide  circulation  and  be  in 
request  wherever  Mineralogy  is  taught. 

DiOAOB  in. — vox.  IT.— no.  Tin,  7.\ 


■V( 


868  fietietet—Batia't  Sj/itt 

optical  and  mioroeoopical  etaiy  bnvtii 
within  the  reach  of  all  miDerelogio 
obMrTatioD  have  oot  only  inoreaaed 
oonatanta  of  many  apeciee,  but  have ' 
to  the  moleoular  structure  of  cryab 
also,  there  haa  been  rapid  prO){resB; 
way  of  explaining  the  compoeilion  < 
of  Bpeciea;  again  on  the  analytical  « 
the  development  of  the  eynthetio  j 
methods,  in  the  hands  of  akilful  c 
reproduction  in  the  laboratoiy  of  n 
apecies,  as  the  felapan,  quarts,  tli 
smphibole,  corundum,  eto. ;  tbna  Hi 
oomposition  of  species  and  their  form 
Great  care  has  been  bestowed  by 
graphic  portion  of  the  subject ;  and 
trace  back  to  the  original  observer  t 

riea— then  the  axes  have  been  reC' 
important  angles  for  all  comnw 
from  theae  axes.  Where  there  haa  b» 
of  verification  at  hand,  the  anglea  ha^- 
a  aeoond  time  independently.  la  f 
a  fair  degree  of  accuracy  has  beeoL 
have  been  adopted  throughout. 

The  habita  of  the  crystals,  methc 
characters,  eapecially  those  on  ths  ^ 
re-written  and  in  general  are  giv 
list  of  analy«es,  all  are  given  that 
complete  understanding  of  the  ou 
means  all  reliable  niialyBea  in  the  ' 
of  complex  composition. 

In  tlie  Introduction,  after  ezpli  . 
descriplicn  of  the  apeciea  and  tL 
devotee  20  pages  to  Cbtutalloori 
an  explanation  of  the  six  syateiu  ^ 
is  carefully  illustrated,  and   tab! 
are  given.     The  next  subdivision 
(1)  Characters  depending  upon 
1'enaoity,  EardnesH.     Then  (2) 
Characters  ilepending  upon  ligh« 
or  degree  of  transparency  ;  speci 
Uniaxial  and  Biaxial  Cryatdl  f 
relating  to   Heat ;    and   (5)   tO 
latter  characters  ore  so  far  speca'-, 
in  this  work,  under  the  indiTidi'i      ' 
given  to  tlie  most  important  pJk^  '' 

The  next  section  is  Cheki4; 
adopted  in  this  work  foUowaiJL    ?l« 
secondly  the  crystallograpb'"  '       ^ 
indicate  more  or  It 


rystallographip  i-    .  j| 
r  lesa  oleang^l    V 
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name :  with  the  Brachiopods  we  have  to  translate  the  names  such 
as  Zeilleria,  Dietyothyria  and  Eudeaia  into  the  more  familiar  and 
customary  Waldhetmia  and  Terebratula.  Some  of  the  Gasteropods, 
such  as  HydcUina,  Diempterus,  Diartema,  Chenapw,  Eustoma,  Rigauxia, 
Eligmoloxua,  eto.,  would  he  wholly  unintelli^ble  to  most  geologists 
were  it  not  for  their  places  in  the  lists.  Some,  at  any  rate,  of  these 
names  might  have  been  put  in  brackets  with  the  more  general 
generic  names  in  front.  It  is  impossible  for  a  student  to  keep  pace 
with  the  minor  changes  of  nomenclature,  most  of  which  should  be 
addiUona  rather  than  alterations ;  for  important  as  these  are  to  the 
specialist,  they  are  only  a  source  of  ambiguity  to  others.  We  do  not 
find  fault  with  M.  Higaux  in  particular ;  but  we  hope  that  he  and 
others  will  see,  if  not  the  error,  at  any  rate  the  inconvenience  of 
their  ways.  For  surely  the  object  of  scientific  work  should  be  to 
lighten  labour,  and  not  unnecessarily  to  increase  it 

It  is  interesting  to  note  that  Terebratula  glohata  is  recorded  from 
both  Great  Oolite  and  Cornbrash,  while  Terehrattda  (Dictyothyria) 
coaretata  is  given  as  rare  in  the  latter  formation. 

The  general  succession  of  Oxfordian  beds  compares  well  with  the 
strata  in  this  country.  There  are  beds  with  Ammonitea  modiolaria, 
and  higher  stages  with  A.  Duncani,  A.  Marias^  A.  Lamherti,  etc.  No 
doubt,  as  the  author  admits,  he  has  included  with  his  Oxfordian 
division  beds  that  in  this  country  would  be  classed  as  Corallian ;  of 
these  the  limestone  of  Houllefort  contains  several  Corals,  Cxdaria 
florigemma  and  other  Echinoderms,  Chemnilzia  {Paendomelania)  hed- 
dingtonenaia,  and  other  species  characteristic  of  our  Corallian  rocks. 
Higher  beds  are  grouped  by  M.  Bigaux  as  Corallian  and  Astartian, 
both  of  which  divisions  would  also  (he  admits)  be  included  in  our 
Corallian ;  although  the  upper  beds  show,  as  in  this  country,  the 
incoming  of  Rimer idgian  species. 

In  the  Kimeridgian  stage  are  included  representatives  of  Kimeridge 
Clay  and  Portland  Beds,  the  latter  being,  as  the  author  suggests,  the 
littoral  facies  of  the  division.  In  the  table  at  the  end  of  the  work 
the  "  Portlandian  "  Beds  are,  however,  grouped  separately,  but  the 
strata  so-called  mainly  correspond  with  our  Upper  Portland  Beds. 

The  fact  that  each  country  must  have  its  own  minor  divisions  is 
shown  by  the  varying  characters  of  the  strata  and  the  varying  dis- 
tribution of  the  fossils. 

Thus  the  *  Gres  de  la  Creche '  (which  comes  beneath  marls  with 
Biacina  latiaaima)  yields  Neritoma  ainuosay  Trigonia  Pellati,  Mytilua 
autisaiodorenaia,  Pterocera  Oceani,  Hemicidaria  purheckenaia,  etc. 
The  overlying  '  Marnes  &  Discina  latissima  et  Cardium  morinicnm 
yield  Ammonitea  biplex,  Belemnitea  Souichiiy  Exogyra  (Oatrea)  brun- 
trutana,  Thracia  depreaaa,  etc.  We  should  be  inclined  to  group  these 
beds  with  our  Lower  Portlandian ;  but  M.  Rigaux  groups  only  the 
succeeding  *  Mame  h  Oatrea  expanaa '  with  the  **  Portland  Sands." 
Tiie  same  division  is  elsewhere  marked  as  *  Marne  k  Perna  BouchardiJ* 
and  it  contains  some  of  the  forms  previously  mentioned,  also  Aatarte 
Samanni,  Cyprina  implicata,  Pecten  lamellosua,  Diacina  latiasima,  and 
Lingula  ovalia.    The  highest  Portlandian  beds  comprise  th^  ^  C^V^^vt^ 
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IL — NonoE  GioLoaiQDK  sns  li  Bas  Bon 
Extrait  du  XIV^.  vol.  dM  Memoires 
de  Boulogne.     1892, 

THIS  IB  tbe  second  edition  of  a  work 
Society  in  1865;  it  ia  now  revise 
additions  being  due  to  the  labours  of  G< 
Loriol,  and  CosemanD.  It  is,  perhnps. 
Society  to  issue  a  revised  edition  of  a  &1 
ia  the  case  before  us  ia  one  to  be  comi 
reftarding  a  particular  area  is  aunimarized 

The  atrata  exposed  in  the  area  iaolude  th 
Juraasic,  and  Cretaceous ;  Silurian  rooks 
several  places  beneatlj  the  Secondary  sirat 

The  author  gives  an  account  of  thf 
divisions  of  each  formation,  notes  the 
horizons,  and  gives  some  general  liats 
followed  the  fashion  of  subdividing  all  tl 
many  respects  bis  plan  is  more  satibfac 
dearly  stated,  and  general  oompariaon 
fossiliferoue  horizons  in  other  places  by  tb 

The  Devonian  rocks  commence  with 
includes  elates,  oonglonierateB,  and  gri 
(Calcaire  de  Blaoonrt)  with  Stringocep 
cornea  the  Fraanian  stage,  divided  into 
Ferqnian  aub-stagea ;  they  include  a  seric 
with  Spirifer  orhelianut,  Choneteg  Doumtl 
Streplorhyuehitg  Boiichardi,  S.  elegans,  at 
the  lower  division;  and  Alhyiii  concenlr 
and  Chonelei  ariuala  in  the  upper  diviBi( 
divisions  are  Spiri/er  Vemeuiti,  Atrypa  re 
stage,  the  Famennian,  includes  grita  an 
hilobatat,  Cueutlaa  tr/ipezium,  etc. 

Carboniferous  rocks  rest  conformably  on 
two  divisions,  (1)  Limestone,  and  (2)  Cot 
ferous  Ijimestone  comprises  lower  beds  w 
beds  with  Productug  mdalag,  Spirifer  glal 
Terebralula  hastala,  etc,  and  upper  bedi 
P.  temiretifntatuB,  Aihgris  Boiatyi,  etc 
shown  at  the  surface  in  but  few  locali 
muoh  disturbed,  and,  as  proved  by  bor 
places  been  thrust  over  them. 

Besting  directly  on  the  Palseozoic  ro 
LoDdon,  there  are  found  strata  of  Great  ( 
08  Batbonian,  and  representing  the  upp 
(Forest  Marble,  eta)  and  Cornbrash  are  d 
fossils  is  given. 

The  Bradiiopoda  are  curionaly  placed, 
of  the  Oxfordian  fossils,  between  the  Fii 
We  rejoice  that  the  author  indexes  his  Am 
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of  tbe  shell  is  viewed  edgewise  the  rounded  ends  of  the  protooonch 
may  be  seen  slightly  projecting  on  either  side. 

The  suture  line  of  the  first  septam  is  marked  by  a  prominent 
narrow  saddle  over  the  siphunole,  as  in  the  Angustisellati  of  Braiico. 
Aooording  to  Mr.  Brown's  observations,  "  the  total  number  of  main 
lobes  and  saddles  of  the  adult  shell  is  apparently  developed  at  the 
second  septum." 

The  shape  of  the  septa  gradually  changes  from  the  lunate  form 
of  the  first  septum  "  into  a  more  and  more  circular  form,  until  it 
becomes  completely  circular  in  the  straight  portion  of  the  shell/' 
and  in  the  straight  portion,  which  '*  begins  somewhere  between  the 
twentieth  and  twenty-fifth  septa,"  the  form  of  cross  section  *'  paHses 
gradually  from  a  circular  to  an  ovoidal,  laterally-compressed  form, 
and  finally  in  the  adult  into  a  somewhat  triangular  form." 

*'The  outer  nacreous  shell  when  preserved  is  found  to  be  marked 
by  minute  tuberculations  of  irregular  shape ;  these  in  turn  give  place 
to  the  parallel  curved  lines  seen  in  the  adult  shell  These  parallel 
lines  first  appear  about  the  fourteenth  septum,  and  they  soon 
completely  obscure  the  tuberoulation.  Between  the  first  and  second 
sutures  there  is  apparently  an  interruption  in  the  growth  of  the 
shell,  appearing  as  a  line  resembling  a  suture  line.  This  line  seems 
to  be  slightly  raised  above  the  general  shell  substance ;  it  extends 
over  the  end  of  the  ventral  lobe  of  the  second  suture  and  back  in 
a  simple  curve  to  near  the  lateral  ends  of  the  first  suture.  In 
breaking  away  the  nacreous  shell  substance  to  follow  the  sutures, 
the  break  nearly  always  follows  this  line,  leaving  the  protooonch 
covered  by  the  original  shell.  Over  the  area  thus  left  of  the  original 
shell  substance  the  tuberculations  are  found  to  be  more  circular  iu 
outline  and  closer  together  than  in  the  succeeding  portions  of  the 
shell.  It  is  believed  that  the  portion  of  the  shell  thus  bounded 
represents  the  original  embryonic  chamber,  or  protoconch,  which 
would  thus  extend  beyond  the  point  where  the  first  septum  was 
subsequently  developed.  A  section  in  the  plane  of  the  spiral,  hut 
nut  quite  median,  showed  the  shell  to  be  composed  of  successively 
deposited  layers,  and  the  first  of  these  was  seen  to  extend  a  t^hort 
distance  beyond  the  first  septum,  thus  tending  to  confirm  the  above 
belief."  An  examination  of  the  young  of  Scaphites  Conradi,  Morton, 
showed  that  in  this  shell  also  the  outer  limit  of  the  protoconch  was 
between  the  first  and  second  septa. 

Mr.  Brown  states  that  after  considerable  investigation  he  is  not 
able  as  yet  to  trace  the  phylogeny  of  the  species.  O.  C.  C 


IV. — ThK     OfiTHOOBRATIDiE     OF    THE    TeKNTON    LiMESTONK    OP    THE 

Winnipeg  Basin.  By  J.  F.  Whiteaves.  Transactions  of  the 
Royal  Society  of  Canada,  Vol.  IX.  1891,  pp.  77-90,  Pis.  V.-Xl. 
rpHE  species  here  described  were,  with  one  exception  (from  the 
L  Nelson  River,  in  Eeewatin),  obtained  in  the  province  of 
Manitoba,  "either  from  the  valley  of  the  Red  River  (at  Lower  Fort 
Garry  or  East  Selkirk),  the  western  shore  of  Lake  Winnipeg,  or 
from  some  of  the  numerous  islands  in  that  lake."       **The  term 
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'  Trenton  Limestone '  is  used  in  a  somewhat  oomprebensive  senie, 
to  include  all  those  highly  fossiliferous  depoHits  which  immediately 
and  conformahly  overlie  the  St.  Peter's  sandstone,  and  underlie  the 
Hudson  River  formation."  All  the  specimens  are  now  in  the 
Museum  of  the  Geological  Survey  of  Canada  at  Ottawa. 

The  species  described  are  as  follows :  Emdoeeras  annuJLatMM^  Hill, 
var.,  E,  suhannulatuM,  Whitfield,  E,  crassisiphonatum^  sp.  noT., 
Orthoceras  Stmpsoni,  Billings,  0.  semiplanatum^  sp.  nov.,  O.  Sdkirh- 
ense,  sp.  no  v.,  0.  WinHepegen$e,  sp.  no  v.,  Actiuoeeraa  Bichardtm, 
Stokes,  A,  Bigshyi,  Bronn,  A,  Allumetenset  Billin^i^  sp.,  Scxtocenu 
Canadense,  sp.  nov.,  Gonioceras  Lambii,  sp.  nov.,  Poteriocertu  nobUe, 
AVhiteaves,  P.  apertum,  Whiteaves,  P.  gracile,  sp.  nov.  The  speoiei 
are  here  given  in  the  order  in  which  the  author  describes  them, 
which  is  that  adopted  by  von  Zittel  in  the  second  volume  of  his 
**Handbuch  der  Palseontologie  "  (1887) ;  but  the  genera  Aetinoeerat 
and  Saetoceras  are  '*  regarded  as  distinct  from  Orthoceras,  and 
Poterioceras  from  Gomphoceras,^* 

The  most  interesting  species  described  in  this  brief  monograpK 
both  for  its  rarity  and  peculiar  form,  is  the  Gonioceras,  This  ii 
represented  by  a  single,  large  example,  rather  more  than  ten  inches 
long,  and  having  a  maximum  diameter  at  the  larger  end  of  six  inches 
and  a  half,  and  at  the  smaller  end  of  five  inches.  It  differs  from 
the  type  of  the  genus  {G.  anceps,  Hall)  chiefly  in  its  much  greater 
size,  and  in  the  smaller  size  and  peculiar  shape  of  its  siphunole ;  the 
septa  are  also  less  curved  laterally  than  they  are  in  O,  anceps.  In 
the  latter  feature  G.  Lnmhii  is  scarcely  typical  of  the  genus  to  which 
it  is  assigned ;  but  the  compressed  lenticular  form  of  the  shell,  and 
the  position  of  the  siphuncle,  justify  the  author  in  referring  it  to 
Gonioceras, 

All  the  species  are  figured  with  one  exception  {Pterioceras  nohile). 
Though  only  outlines,  the  figures  are  executed  with  so  much  boldness 
and  artistic  spirit  that  the  absence  of  shading  can  hardly  be  con- 
sidered as  a  serious  drawback.  A.  H.  F. 


I. — The  Royal  Society  op  Canada,  Eleventh  Annual  Mebtino, 

May  80  to  June  2,  1892. 

FIFTEEN  papers  were  read  by  Fellows  of  the  Royal  Society  of 
Canada  at  its  last  meeting,  just  closed,  in  Section  (IV.)  of 
Geology  and  Biology,  and  five  more  in  the  Department  of  Chemistry 
and  Physical  Sciences  (Section  III.). 

Of  the  latter.  Professor  Chapman's  paper  "  On  a  New  Form  of 
Application  Goniometer "  is  of  interest  to  geologists  and  mineralo- 
nsts,  as  is  also  his  additional  note  "On  the  Mexican  Type  in  tbe 
rstallization  of  the  Topaz,  with  some  Remarks  on  Crystallographio 

Ltion." 

len   comes    Professor    J.    G.   MacGregor's   address   on   "The 
imental  Principles  of  Abstract  Dynamics."     Here  the  inde- 
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pendenoe  of  Newton's  three  LawB  of  Motion  is  first  considered,  and 
an  attempt  is  made  to  establish  it;  Maxwell's  deduction  of  the  first 
from  the  "doctrine  of  space  and  time,"  and  Newton's  supposed 
deduction  of  the  third  from  the  first  being  subjected  to  criticism. 

Qeology  and  PalsBontology  come  in  for  seven  papers,  as  follows : 
Presidential  Address,  by  Mr.  O.  F.  Matthew,  of  St  John,  N.6., 
''On  the  Difi\ision  and  Sequence  of  the  Cambrian  Faunas."     In 
this  address  an  attempt  is  made  to  distinguish   the  littoral  and 
warm-water  faunas  of  the  Cambrian  age  from  those  which  mark 
greater  depths  of  the  sea  and  cooler  water.     On  the  hypothesis  that 
species  capable  of  propagating  their  kind  in  the  open  sea  would 
spread  rapidly  to  all  latitudes  where  the  temperature  of  the  sea  was 
favourable,  such  forms  as  the  Graptolites  are  taken  as  fixed  points 
in  the  successive  faunas.    The  relation  to  the  Graptolites  is  noted  of 
various  species  of  other  groups  of  animals,  as  they  occur  in  different 
countries.     It  thus   seems  that  several   genera   appeared   first  in 
America,  and  afterwards  spread  to  Europe.     On  the  other  hand, 
a  very  close  connection  no  doubt  existed  between  the  Cambrian 
faunas  of  the  north  of  Europe  and  those  of  the  Atlantic  coast  of 
North  America.     Hence  it  is  inferred  that  the  temperature  of  the 
sea  of  these  two  coasts  was  similar,  and  the  connection  between 
them  direct  and  unimpeded.     Equal  temperatures  in  these  different 
latitudes  would  be  maintained  by  a  cold  current  flowing  from  the 
North  European  to  the  North  Atlantic  Coast.   The  evidence  available 
seems  to  point  to  a  migration  of  the  American  species  by  a  route  to 
the  west  and  north  of  the  main  part  of  the  Atlantic  Basin. 

Mr.  Matthew  contributed  an  additional  paper,  entitled  "Illustrations 
of  the  Fauna  of  the  St.  John  Group,  No.  VII."  This  is  the  final 
paper  on  this  subject,  and  treats  chiefly  of  the  fauna  of  the  highest 
horizon  in  the  group.  It  will  be  accompanied  by  a  list  of  all  the 
species  of  the  St.  John  group,  showing  the  several  horizons  at  which 
they  have  been  found.  From  the  highest  horizon  itself,  the  species 
are  of  the  age  of  those  of  the  Levis  shale,  or  thereabout,  as  shown 
by  the  Graptolites  found  here.  There  are  several  Orthids,  some  of 
which  are  identical  with,  or  are  varieties  of,  species  of  the  Levis 
limestone  described  by  Billings.  The  few  Trilobites  known  are  of 
Cambrian  types,  and  include  a  Cyclognathua  allied  to  C,  micropygua 
and  a  Euloma.  Several  minute  Pteropods  occur  in  these  shales, 
with  the  Graptolites. 

Sir  William  Dawson,  F.R.S.,  presented  a  paper  "  On  the  Corre- 
lation of  Early  Cretaceous  Floras  in  Canada  and  the  United  States 
and  on  Some  New  Plants  of  this  Period."  The  purpose  of  this 
paper  is  to  illustrate  the  present  state  of  our  knowledge  respecting 
the  flora  of  Canada  in  the  early  Cretaceous,  and  to  notice  some  new 
plants  from  Anthracite,  N.W.  Territory,  collected  by  Dr.  H.  M.  Ami, 
and  from  Canmore,  collected  by  Dr.  Hayden.  It  is  a  continuation 
of  the  author's  paper  on  the  "  Mesozoic  Floras  of  the  Eocky  Mountain 
Region  of  Canada,"  in  the  Transactions  of  the  Royal  Society  of 
Canada  for  1885. 

Sir  William  then  introduced  Dr.  Ami's  paper  "  On  the  Occurrence 
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of  Graptolites  and  other  FomUb  of  Quebec  Age  in  the  Black  Sktti 
of  Little  Metis,  Que."  The  paper  oontains  notes  od,  and  deacriptioQi 
of,  Graptolites  and  other  fossils  from  a  small  bat  interesting  collec- 
tion made  by  Sir  William  Dawson  in  rocks  closely  related  to  tboM 
from  which  the  remarkable  fossils  were  described  conjointly  with 
Dr.  George  Jennings  Hinde. 

Mr.  J.  F.  Whiteaves,  palaeontologist  and  zoologist  to  the  Dominioii 
Geological  Survey,  read  two  papers,  and  introduced  a  third  by  Mr. 
Lawrence  Lam  be.  In  his  first  paper  on  the  *'  Fossils  of  Uie  HudsoQ 
Kiver  Formation  in  Manitoba,"  Mr.  Whiteaves  gives  an  hiBtoiicil 
sketch  of  the  discovery  and  collection  of  fossils  of  that  age,  by  Dr. 
B.  Bell,  in  1873;  by  Dr.  Ells,  in  1875;  Dr.  Bell,  later,  in  1879; 
and  by  Messrs.  T.  C.  Weston  and  D.  B.  Dowling,  in  1884  and 
1891-92,  respectively.  The  object  of  the  present  paper  is  to  gite 
as  complete  a  list  as  possible  of  the  fossils  of  this  formation  in 
Manitoba.  There  are  now  as  many  as  sixty  species  in  the  mnsenm 
of  the  Survey  at  Ottawa.  Mr.  Whiteaves's  second  paper  deals  with 
''  Notes  on  the  Land  and  Fresh- water  Mollusca  of  the  Dominion." 
Mr.  Lambe's  paper  contains  an  account  of  the  results  obtained  by 
that  gentleman  from  a  microscopical  examination  of  recent  sponges 
collected  in  the  waters  of  the  Pacific,  along  the  British  Ck)lQmbia 
or  Canadian  coast.  The  paper  is  entitled,  "  On  Some  Sponges  from 
the  Pacific  Coast  of  Canada  and  Behring  Sea."  It  will  be  illus- 
trated with  drawings  made  by  the  author,  who  is  artist  to  tlie 
Geological  Survey  Department. 

Professor  L.  W.  Bailey,  Ph.D.,  of  Frederickton,  New  Bmnswick, 
gives  the  result  of  his  **  Observations  on  the  Geology  of  South- 
western Nova  Scotia,"  in  the  counties  of  Shelburne  and  YarmoutL 
A  careful  description  of  the  various  contacts  and  occurrences  of  the 
auriferous  rocks  and  other  masses  follows  a  review  of  the  geological 
structure  of  the  district  in  question.  A  geological  map  accompanies 
the  paper. 

"  On  Palaeozoic  Corals "  is  the  title  of  Professor  Chapman's  con- 
tribution to  pala^ontological  science.  It  is  an  attempt  to  simplify 
the  determinations  of  genera  in  the  so-called  ''Tabulated  and  Bugose 
Corals  of  Palaeozoic  Rocks." 

Dr.  Wesley  Mills's  paper  on  '^Hibernation  and  Allied  States  in 
Animals." 

Dr.  George  Lawson  presented  two  important  contributions  to 
botanical  research.  The  one  bore  "  On  the  Literary  History  and 
Nomenclature  of  the  Canadian  Ferns,"  the  other  consisted  of  "  Notes 
Supplementary  to  the  Revision  of  Canadian  Ranunculaceas." 

Rev.  Moses  Harvey,  of  St.  John's,  Newfoundland,  and  a  new 
Fellow  of  the  Society,  contributed  a  most  important  paper  "On  the 
Artificial  Propagation  of  Marine  Food-Fishes  and  Edible  Crustaceans." 

Mr.  James  Fletcher,  F.L.S.,  and  Dominion  entomologist,  con- 
tributed two  papers  in  that  branch  of  work.  The  first  was  entitled, 
"  Report  on  a  Collection  of  Coleoptera  made  on  the  Queen  Charlotte 
Islands  by  Rev.  J.  H.  Keen  and  J.  Fletcher";  the  second,  "The 
use  of  Arsenites  as  Insecticides."  H.  M.  A. 
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II. — OlOLOOIOAL  SOOIXTT  OF  LoNDOV* 

Jane  22nd,  1892.— W.  H.  Hudleston,  Esq.,  M.  A.,  F.B.S.,  President, 
in  the  Cbair. — The  following  communioations  were  read  : 

1.  ''  Contributions  to  a  knowledge  of  the  Saurisohia  of  Europe  and 
Africa,"     By  Prof.  H.  G.  Seeley,  F.R.S.,  F.Q.S. 

The  Saurisohia  are  defined  as  terrestrial  unguiculate  Omitho- 
morpha,  with  pubio  bones  directed  downward,  inward,  and  forward 
to  meet  in  a  ventral  union.  Tlie  forms  of  the  pelvic  bones  vary 
with  the  length  of  the  limbs,  the  acetabulum  becoming  perforate, 
the  ilium  more  extended,  the  pubis  and  ischium  more  slender,  and 
the  sacrum  narrower  as  the  limb  bones  elongate.  The  order  is  re- 
garded as  including  the  Cetiosauria,  Megalosauria,  and  Aristosuchia 
or  Compsognatha. 

The  Cetiosaurian  pelvis  has  been  figured  in  the  Quart.  Joum. 
Geol.  Soa  ;  and  a  restoration  is  now  given  of  the  pelvis  in  Megalo- 
tauruB,  StreptoapondyluB,  and  Compsognathua, 

The  characters  of  the  skull  are  evidenced  by  description  of  the 
hinder  part  of  the  skull  in  Megalosanrus  found  at  Eirtlington,  and 
preserved  in  the  Oxford  University  Museum.  In  form  and  propor- 
tions it  closely  resembles  Ceratosaurus,  and  the  corresponding  region 
of  the  head  in  Jurassic  Ornithosauria.  llie  brain-cavity  and  cranial 
nerves  are  described,  and  contrasted  with  those  of  Ceratosaurua. 

The  skull  in  Cetiosauria,  known  from  the  American  type  Diplo^ 
docusy  is  identified  in  the  European  genus  Belodon,  which  is  re- 
garded as  a  primitive  Cetiosaurian. 

Part  2  discusses  the  pelvis  of  Belodon,  restored  from  specimens  in 
the  British  Museum,  and  regarded  as  Cetiosaurian.  A  restoration 
of  the  shoulder-girdle  is  made,  and  found  to  resemble  that  in  Ichthyo- 
saurs,  Anomodonts,  and  Dinosauria.  The  vertebree  in  form  and 
articulation  of  the  ribs  are  Saurischian,  the  capitular  and  tubercular 
facets  being  vertical  in  the  dorsal  region,  and  not  horizontal  as  in 
Crocodiles.  The  humerus  shows  some  characters  in  common  with 
that  of  Stereorachis  dominans  in  the  epicondylar  groove.  In  general 
character  the  limb- bones  are  more  Crocodilian  than  the  axial  skeleton. 
The  interclavicle  is  described,  and  regarded  as  a  family  characteristic 
of  the  Belodontidee. 

In  the  drd  part  an  account  is  given  of  Staganolepis,  which  is 
regarded  as  showing  a  similar  relation  with  the  Megalosauria,  to 
that  of  Belodan  with  the  Cetiosauria.  This  interpretation  is  based 
chiefly  upon  the  identification  of  the  pubic  bone  in  Staganolepis^ 
which  has  the  proximal  end  notched  as  in  Zanclodon  and  Strepto- 
spondyliu ;  and  the  inner  ridge  at  the  proximal  end  is  developed  into 
an  internal  plate.  A  note  follows  on  the  pelvis  of  ASiosaurus  which 
is  also  referred  to  the  Saurischia  on  evidence  of  its  pelvic  characters, 
approximating  to  the  Cetiosaurian  sub-order. 

Part  4  treates  of  Zanclodon  which  is  regarded  as  closely  allied 
to  Mas80$pondylu8,  Euskelesaurus,  and  Streptoapondylus.  It  is 
founded  chiefly  on  specimens  in  the  Royal  Museum  at  Stuttgart, 
and  in  the  University  Museum  at  Tiibingen.  The  latter  are  regarded 
as  possibly  referable  to  Teratoaaurus,  but  are  mentioned  as  Zanclodon 
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QuenBledtu  The  pelvis  is  desoriljed  and  restored.  Zanelodon  hn 
the  cervical  vertebrae  relatively  long,  as  compared  with  MegahsaunUy 
and  small  as  compared  with  the  dorsal  vertebne,  which  have  the 
same  Teleosauroid  mode  of  union  with  the  neural  arch  as  is  seen  in 
Streptospondylus  and  Massospondylus,  The  sternum,  of  Pleininger, 
is  the  right  and  left  pubic  bones;  but  there  is  much  the  same 
difference  in  the  proximal  articular  ends  of  those  bones  in  the  fossilf 
at  Stuttgart  and  Tubingen,  as  distinguishes  corresponding  parts  of 
the  pubes  in  Megalosaurus  and  Streptosp(mdylu8.  The  ilium  is  more 
like  that  of  Palaoaaurus  and  DimodosauruB,  The  limb-bones  and 
digits  are  most  like  those  of  Dimodosaurus,  but  the  teeth  resemble 
Falaosaums,  Euakelesanrus,  Megalosaurus,  and  Sireptonpondylus. 

Part  5  discusses  Thecodantosaurus  and  PaltBOsaurvs  upon  evidence 
from  the  Dolomitic  Conglomerate  in  the  Bristol  Museam.'  An 
attempt  is  made  to  separate  the  remains  into  those  referable  to 
Thecodontosaurus  and  those  belonging  to  Palaosaurus.  The  latter  is 
represented  by  dorsal  and  caudal  vertebrae,  a  scapular  arch,  humerus, 
ulna  (?),  metacarpals,  ilium,  femur,  tibia,  fibula,  metatarsals,  and 
phalanges.  These  portions  of  the  skeleton  are  described.  There  is 
throughout  a  strong  resemblance  to  Zanelodon  and  other  Triassio 
types.  A  new  type  of  ilium,  and  the  humerus  originally  figured 
are  referred  to  Thecodontosaums, 

Part  6  gives  an  account  of  the  South  African  genus  Massospen* 
dylus.  It  is  based  partly  upon  the  collection  from  Beaucherf,  in  the 
Museum  of  the  Royal  College  of  Surgeons,  referred  to  M.  carinattu] 
and  partly  upon  a  collection  from  the  Telle  River,  obtained  by 
Mr.  Alfred  Brown,  of  Aliwal  North,  referred  to  M.  Browni,  The 
former  is  represented  by  cervical,  dorsal,  sacral,  and  caudal  vertebrae; 
ilium,  ischium,  and  pubis;  femur,  tibia;  humerus,  metatarsals,  and 
phalanges,  llie  latter  is  known  from  cervical,  dorsal,  and  caudal 
vertebrae,  femur,  metatarsals,  and  bones  of  the  digits.  The  affinities 
with  Zanelodon  are,  in  some  parts  of  the  skeleton,  stronger  than  with 
Euskelesaurus, 

Part  7  gives  an  account  of  Enskehsaurus  Browni,  partly  based 
upon  materials  obtained  by  Mr.  Alfred  Brown  from  Barnards  Spruit, 
Aliwal  North,  and  partly  on  specimens  collected  by  the  author,  with 
Dr.  W.  G.  Atherstone,  Mr.  T.  Bain,  and  Mr.  Alfred  Brown,  at  the 
Kraai  River.  The  former  series  comprises  the  maxillary  bone  and 
teeth,  vertebrae,  pubis,  femur,  tibia  and  fibula,  phalanges,  chevron 
bone  and  rib.  The  latter  includes  a  cervical  vertebra  and  rib,  and 
the  lower  jaw.  The  teeth  are  stronger  than  those  of  Teratosaunu, 
or  any  known  Megalosaurian.  The  anterior  part  of  the  head  was 
compressed  from  side  to  side,  and  the  head  in  size  and  form  like 
Megalosaurus^  so  far  as  preserved.  The  pubis  is  twisted  as  in 
Siaganolepis  and  MassospondyluSj  with  a  notch  instead  of  a  foramen 
at  the  proximal  end,  as  in  those  genera;  and  it  expands  distally 
after  the  pattern  of  Zanelodon.  The  chevron  bones  are  exceptionally 
long,  and  the  tail  appears  to  have  been  greatly  elongated.  The 
femur  is  intermediate  between  Megalosaurus  and  Palaosaurus,  but 
most  resembles  Zanelodon  and  Massospondylus,     The  tibia  in  its 
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pToximal  end  resembleB  many  Triassio  genera ;  and  in  its  distal  end 
is  well  distinguished  from  MoBtoBpondylua  by  its  mode  of  union 
with  the  astragalus.  The  olaw-phalanges  are  oonvezly  rounded, 
being  wider  than  is  usual  in  Megalosauroids.  The  lower  jaw  from 
the  Eraai  River  gives  the  oharacters  of  the  articular  bone,  and  the 
articulation,  as  well  as  of  the  dentary  region  and  teeth.  The 
cervical  vertebra  is  imperfect,  but  is  remarkable  for  the  shortness 
of  the  centrum,  being  shorter  than  in  Megaloaaurus. 

In  Part  8  an  account  is  given  of  Horialotar$u$  ahiriapodus  from 
Barkly  East,  preserved  in  the  Albany  Museum.  It  is  an  Euskele- 
saurian,  and  exhibits  the  tibia  and  fibula,  and  tarsus.  There  is  a 
separate  ossification  for  the  intermedium,  which  does  not  form  an 
ascending  process ;  and  the  astragalus  is  distinct  from  the  calcaneum. 
The  metatarsals  are  elongated,  and  the  phedanges  somewhat  similar 
to  those  of  Dimodo9auru8. 

Part  9,  in  conclusion,  briefly  examines  the  relations  of  the  Saur- 
ischian  types  with  each  other,  and  indicates  ways  in  which  they 
approximate  towards  the  Omithosauria.  It  is  urged  that  the  Omitho- 
sauria  are  as  closely  related  to  the  Saurischia  as  are  the  Aves  to  the 
Omithischia ;  and  that  both  divisions  of  the  Saurischia  approximate 
in  Staganolepis  and  Belodon,  Finally,  a  tabular  statement  is  given 
of  the  distribution  in  space  and  time  of  the  25  Old-World  genera 
which  are  regarded  as  probably  well  established.  Eight  of  these  are 
referred  to  the  Oetiosauria,  thirteen  to  the  Megalosauria,  and  four  to 
the  Aristosuchia  or  Compsognatha. 

2.  '*  Mesosauria  from  South  Africa."  By  Professor  H.  G.  Seeley, 
F.R.S.,  F.Q.S. 

The  author  gives  an  account  of  specimens  of  Meaoaaurua  pleura^ 
gaster  (Seeley)  obtained  from  the  shales  at  the  Eimberley  diamond- 
mine.  They  are  of  small  size,  and  show  generic  identity  with  the 
Paris  type,  but  indicate  an  animal  with  a  long  tail,  with  the  bind 
limbs  well  developed.  The  centra  of  the  vertebras  are  barrel- 
shaped,  contracting  to  the  articular  faces,  which  are  conically 
cupped.  The  dorsal  ribs  have  the  usual  subcylindrical  character 
and  development ;  but  the  abdominal  armour  is  more  like  that  of  a 
Plesiosaur,  only  the  sternal  ribs  are  thin  and  flat.  The  vertebree 
appear  to  give  attachment  to  the  dorsal  ribs  in  an  unusual  way, 
which  suggests  the  condition  in  the  Theriodontia,  but  without 
distinct  tubercles  or  facets ;  so  that  the  slender  head  of  the  rib 
lies  in  the  depression  between  two  centrums.  In  the  early  caudal 
vertebrse  the  transverse  processes  are  stronger,  the  neural  spines 
long  and  compressed,  and  chevron  bones  well  developed.  Details 
are  given  of  the  structure  of  the  tarsus  and  hind  limb. 

A  new  example  of  Meaoaaurua  tenuidena  from  Albania,  preserved 
in  the  South  African  Museum,  shows  many  details  of  structure 
more  perfectly  than  in  the  type-specimen  ;  and  the  author  describes 
the  skull,  cervical  and  dorsal  vertebrsB,  shoulder-girdle,  ribs,  and 
fore  limbs.  The  forms  of  the  cervical  ribs  are  determined,  and  the 
composite  structure  of  the  scapular  arch  shown  to  have  characters 
in  common  with  that  of  Dactyloaaurua,  Stereoatemumf  and  Fleaio^ 
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inurw.  The  liumeras  olosdy  resembles  that  of  the  edentals 
Megalonyx  before  its  epiphyses  are  ossified.  There  are  four  bofoes 
in  the  distal  row  of  the  carpus,  and  three  bones  in  the  proximal  row. 
The  characters  of  the  dorsal  snrfaoe  are  given  from  a  specimen 
preserved  in  the  Albany  Musenm. 

The  author  then  discusses  the  relation  of  MeBosawrua  to  8ierto» 
itemum,  as  preserved  in  the  British  Museum,  arriving  at  the 
conclusion  that  the  two  genera  are  distinot,  defined  by  charaoters 
drawn  from  all  parts  of  the  skeleton.  SUreoitemum  has  four  sacral 
vertebras,  with  the  ilium  extended  far  in  front  of  the  acetabulum. 
The  ooraooids  are  regarded  as  meeting  in  the  median  line»  and  not 
by  overlap  as  in  the  thin  ossification  of  Mesosaurus.  In  both  geneia 
there  are  five  bones  in  the  distal  row  of  the  tarsus. 

The  author  conoludes  that  these  types  are  olosely  allied  to 
NeuaticoaaunUf  which  he  would  separato  from  the  Nothoaauria  and 
unite  with  the  Mesosauria.  That  group  is  subdivided  into  two 
divisions — the  Proganosauria  of  Baur,  and  the  Neustioosauria;  the 
former  being  known  from  South  Africa  and  South  America,  and 
the  latter  from  Europe  only. 

8.  "  On  a  New  Reptile  from  Welte  Yreden,  Eunotoiaunu  afrUoMM 
(Seeley)."     By  Prof.  H.  G.  Seeley,  F.R.S.,  F.G.S. 

The  author  obtained  the  specimen  described  at  Welte  Yreden, 
near  Beaufort  West,  Cape  Colony,  where  it  was  found  by  Mr.  L. 
Pienaar  in  beds  of  Middle  Karoo  age.  It  indicates  a  small  animal, 
and  shows  the  dorsal  ribs,  vertebrse,  and  part  of  the  pelvis.  The 
centra  are  more  slender  than  in  any  known  South  African  fossil, 
and  conically  cupped  at  the  ends  as  in  Mesosaurus,  etc.  There  is 
no  indication  of  great  transverse  widening  of  the  neural  aroh.  The 
neural  spine  is  compressed.  The  ribs  appear  to  have  been  attached 
much  as  in  Chelonians,  though  the  articulation  is  not  seen.  They 
are  remarkably  massive,  long,  wide,  compressed  above,  and  sub- 
triangular  in  transverse  section.  There  may  be  some  sternal  ribs. 
The  OS  pubis  is  thin  and  flattened,  with  a  notch  on  the  outer  hinder 
border  like  that  seen  in  Mesosauria.  The  genus  is  probably  referable 
to  that  group,  but  distinguished  from  all  known  genera  by  the  form 
of  the  vertebree  and  ribs. 

4.  "  The  Dioritic  Picrite  of  White  Hause  and  Grec^  Cockup." 
By  J.  Postlethwaite,  Esq.,  F.G.S. 

The  rock,  which  is  about  two  miles  N.E.  of  the  Little  Knott  rock, 
formerly  described  by  Prof.  Bonney,  was  referred  to  by  the  author 
as  "  a  large  mass  of  hornblende  picrite  of  like  nature  "  to  the  Little 
Knott  rock,  in  a  paper  published  in  the  '  Transactions '  of  the 
Cumberland  and  Westmoreland  Association  for  1889-90.  Micro- 
scopic examination  by  Prof.  Bonney  of  the  rock  which  is  the  subject 
of  the  present  communication  confirms  this  determination. 

The  metamorphism  observable  around  this  mass  is  considerably 
larger  than  that  seen  round  the  Little  Knott  mass. 

5.  ''On  the  Structure  of  the  American  Pteraspidian,  PaltKaspin 
(Claypole),  with  remarks  on  the  Family."  By  Prof.  E.  W.  Clay- 
pole,  B.A.,  D.So.,  F.G.S. 
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!Lfler  reviewing  the  diBcovery  of  Paloeaapia  and  noticing  cases 
lere  Scaphaspid  plates  had  been  referred  to  ventral  plates  of 
sraspidian  fish,  the  author  describes  two  specimens  of  his  genus 
Imaapia  from  the  Onondaga  group  (referred  to  the  Lower  Ludlow) 
lich  indicate  the  existence  of  a  ventral  plate  in  this  genus.  The 
idence  in  favour  of  this  interpretation  is  given  at  length,  and  the 
ail  originally  described  as  P.  hitrvncata  is  maintained  to  be  the 
iphaspid  plate  of  P.  americana. 
The  existence  of  lateral  plates  and  of  lateral  organs  ('  fins ')  is 

0  discussed,  and  a  comparison  made  between  PalcBaapis  and  other 
eraspids.  The  author  attempts  a  restoration  of  Palmaapis,  and 
res  an  amended  definition  of  the  genus. 

6.  **  Contributions  to  the  Geology  of  the  Wengen  and  St.  Cassian 
rata  in  Southern  Tyrol."  By  Maria  M.  Ogilvie,  B.Sc.  (Gommu- 
sated  by  Prof.  C.  Lapworth,  LL.D.,  F.R.S.,  F.G.S.) 
In  the  first  part  of  this  paper  the  authoress  gives  a  summary  of 
evions  investigations  and  speculations  respecting  the  sequence  and 
tails  of  the  Triassic  rocks  of  the  well-known  Dolomitio  region  of 
uthern  Tyrol ;  more  especially  with  reference  to  the  famous  fossil- 
aring  strata  of  the  neighbourhood  of  St  Cassian.  The  different 
)ws  which  have  been  advanced  with  regard  to  the  actual  mode  of 
*mation  of  these  strata,  and  their  proper  classification,  since  the 
pearance  of  the  classical  works  of  Yon  Richthofen  and  Mojsisovics, 
9  indicated,  and  their  geological  significance  discussed. 
In  the  main  body  of  the  paper  the  authoress  gives  a  generalized 
30unt  of  the  results  of  her  own  personal  study  of  these  strata 
ring  the  years  1891-1892,  illustrating  her  conclusions  by  maps  and 
3tion8.  Three  areas  have  been  partly  mapped  in  detail,  on  the 
lie  of  1 :  25000,  and  the  various  fossiliferous  zones  have  been 
iced  on  the  ground.  The  range  and  nature  of  the  faults,  etc., 
ve  in  this  way  been  determined. 

The  typical  area  of  Prelongei  and  St.  Cassian  is  first  described  in 
tail,  and  from  a  careful  mapping  of  the  ground  and  a  study  of 
B  fossils  the  authoress  reaches  the  conclusion  that  the  St.  Cassian 
-ata  are  naturally  separable  into  three  divisions,  viz : — 

1.  Upper  Cassian  Beds  (or  Prelongei  Zone), 

2.  Middle  Cassian  (or  Muren  Zone). 
.  8.  Lower  Cassian  (or  Stoures  Zone), 

Each  division  is  characterized  by  certain  special  lithological 
Atures    and  palasontological  characters,  everywhere  recognizable. 

1  opposition  to  the  views  of  some  other  investigators,  it  is  shown, 
r  physical  and  palaeontological  evidence  that  the  Upper  Cassian 
ries  is  normally  succeeded,  as  originally  asserted  by  Von  Kichthofen, 
r  the  well-known  Schlem  Dolomite,  and  that  between  this  band 
id  the  massive  Dachstein-Kalk  there  is  invariably  found  the  peculiar 
ne  of  the  Raibl  strata. 

The  physical  and  palseontological  relationships  of  the  disputed 
rata  of  the  Kichthofen  Riff  and  Sett  Sass  are  next  discussed.  The 
3b ly  fossiliferous  strata  of  Heiligenkreuz  are   shown  to  include 
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rocks  beloc^^r^r  'o  ill  ih-^  three  irn**  of  Sc  CaaviAn.  And  a  p»t  al» 
-  f  :l*  E.i::L.  I»e^i;l-*«i  i-e-scrlpcic?:*  in-i  ill-i§tnnr:iis  of  tlie  difpo- 
«ri':Ei  :f  lie  rG\ZA  nerkr  •>r::nAd"A2ic^zri?.  Sw-Un-i  TbaL  the  Seisier 
Aire.  ecc..  ire  zi^rs. :  in«i  in  lU  'r^de*  h  is  shown  thac  the  order 
Kill  '^izei  in  :i-*  Sr.  Cia«:Mi-Pr»l-:r.reL  Area  is  retained  practfctllj 
na:-...«:ifr'i.  irA  :ar:  be  aiirisfirt. rl-j  ocrrelited  with  that  of  the 
Uccer  Trios  :t  :he  &iTu^jui  Alrs^ 

7.  ■•>:-**  :!!  *  :r-e  N-w  u:i  LiTtl-j-kr.'-wn  Specie*  of  Carboni- 
fer'Ts  lf«/r.i».*i:-n/.i."  Bj  M:a*  J  ice  L^-inali  -  Commonicated  bj 
J.  G.  «j:«':.:ii^L  Es^:..  F.G.S. 

Izi  %  rrexi  ■»;.*  r^irer.  the  T?\rio»i«  Mcti--tn  into  which  it  has  been 
ci:r.*":er7-:  i»:T-.«.ilir  ::  ^-np  di^erect  sp=cies  of  Mnrkiumia  have 
betrti  n':r['>hL  *.>t'  :he  *p^c:e*  •ic<«:r!re'i  in  the  present  commimi- 
canon.  tw:  mlj  can  le  T:n.^?rlb''e•:lT  referreii  to  G€mioftropka  of 
•JE-.'.-rt.  •.•:!:  rps  'ciT*  the  sin  is  si::iLi:e  itvTe  the  angle  :  and  if  this 
prs'tion  of  :he  sIltiu  band  ce  c»:'t«i'irre«i  sufficiently  distinctive,  the 
aa:h?re<*  «':c^e«':s  the  narne  Hjfp^ r-jofiia  for  this  section,  and  takei 
Jf  «r<.-.tW':Hi  1  :i.i'iri<ransd«<i  as  the  rrre. 

The  f.llowiii;?  cew  form?  are  '^escribe»i : — MftthUomta  (Gomio- 
rtjvfk'i  ii^ffrni>n.  Jf.  G. »  T'lf-fi.  M.  ■  Hfp^r^jo^ia}  qninqmecarinaUi, 
IV  K'-n..  T-ir.  pml^k^iia.  Jf .  <  ff .  ■  •roii/^i.  De  Kon,.  Tar.  roar^xo.  JT 
iff.    j>A^(nkfAJi^.  If.  ^i?.'  Kirhbp,  AT.    H.>  />/<zMd,  JHl  ^Car/ixraK/w?) 

A  fii'Ier  description  i<  also  giren  of  a  mcies  previonsly  described 
by  Pr:f.  Hi*Ji;:h:.?Q  cnder  the  name  of  Cfrithicide*  tefescopinm. 

S.  **N::es  fr?m  a  «3eol?sioal  Surrey  in  Nicaragna."  By  J. 
Cr%w::ri.  E?<.7..  Stite  *.Tei:Iogi«t  t.>  the  yicaras:nan  Govern ment 
■,C;:u-an:ca:ei  by  FrA.  J.  Prestwioh.  LL.D..  F.R  S.,  F.G.S.» 

Nioarazax  ce-^'^l.^oallv  oi^nsilere^i.  can  be  divide«i.  from  north  to 
antL.  ir.:.:.  live  z  tie*.  di^T-ering  from  one  another  in  lithological, 
ni:nrr%I-:'Zioal.  .\ni  stmotuni  chancters. 

Th*  nrst  «H\-i>:on  embraces  the  central  monntainons  parts,  and 
oontaics  Laurenriin.  Ticonim.  Cambrian,  and  Silarian  rocks,  also 
Devon i^ui  rocks  nno."»nfonuible  to  the  last.  The  second  division, 
[^ar^LIel  to  that  ju«t  name«J.  and  extending  to  within  a  hundred 
mil^rs  of  the  Caribbean  sea.  ci?n:\ius  >eiiiments  of  Carboniferous, 
Permian,  and  3l:?s.?zoic  ages.  c»?vered  nuconformably  by  Cainozoic 
and  mo*iem  formations.  In  sc>me  of  the  rivers  of  this  division  are 
rich  gold-placers.  The  third  division  is  the  delta  on  the  eastern 
Evidence  furnished  by  al!uvi!kl  deposits  and  coral-reefs  in- 
recent  subsidence  until  a  few  years  ago,  when  elevation 
The  fonnh  division  is  on  the  western  side  of  the  first 
(omtrd)  division.  Its  rocks  are  generally  similar  to  those  of  the 
division.  In  some  places  dykes  are  connected  with  la  va- 
in the  valley  of  the  Rio  Vi-*j«>  is  a  Tertiary  mammaliferous 
Bt  with  Tillodonts.  etc.  The  fifth  division  occupies  Western 
Ifiouagna,  and  contains  several  small  crater-lakes  of  the  Vicksbuig, 
.  Totktown,  and  Sumpter  periods ;  all  the  post-Mesozoic  Nicaragaan 
iMlouioea  are  in  this  division. 
^kpiBtiila  of  the  economic  prodocts,  the  volcanic  phenomena,  and  the 


Geological  Society  of  London.  883 

glaoiation  of  the  oountry  are  famished,  and  the  remains  of  Neolithic 
man  are  recorded. 

9.  "Microzoa  from  the  Phosphatic  Chalk  of  Taplow."  By  F. 
Chapman,  Esq.,  F.B.M.S.  (Commanicated  hj  Prof.  T.  Rupert  Jones, 
r.R.S.,  F.G.8.) 

Ninety -eight  species  and  varieties  of  Foraminifera,  and  five  species 
and  varieties  of  Ostracoda  have  been  found  in  this  deposit.  All  the 
forms  of  Ostracoda  have  been  previously  found  in  the  Chalk.  Of  the 
98  varieties  of  Foraminifera  five  appear  to  be  new,  whilst  altogether 
thirty  are  new  to  the  Chalk  fauna. 

The  following  new  forms  are  described  : — Nuhectdaria  Jonesinna, 
Textularia  deeurren$y  T,  strata,  BuUnUna  trigona,  and  Bolivina 
strigillaia, 

10.  *'0n  the  Basalts  and  Andesites  of  Devonshire,  known  as 
Felspathic  Traps."     By  Bernard  Hobson,  Esq.,  M.Sc.,  F.G.S. 

The  evidence  in  favour  of  the  contemporaneous  (non-intrusive) 
character  of  these  Permian  (or  Triassic)  lavas  is  discussed,  and  the 
improbability  of  the  former  existence  of  felspathic  traps  in  the  area 
of  the  Dartmoor  granite,  as  suggested  by  Mr.  R  N.  Worth,  is  shown. 
The  macroscopical  and  microscopical  characters  of  the  rocks  are 
described.  The  great  majority  of  the  rocks  examined  are  olivine- 
basalts,  though  raica-augite-andesite  occurs  at  Eillerton,  near  Exeter. 
The  presence  of  quartz-inclusions  in  the  rocks  of  West  Town, 
Enowle,  etc.,  near  Exeter,  is  shown  to  have  misled  De  la  Becbe 
into  terming  these  rocks  quartz-  (*  quartz iferous')  porphyries.  The 
veins  in  the  traps,  mentioned  by  Mr.  Vicary,  and  regarded  by  some 
authors  as  intrusive  felsite  dykes,  are  found  to  be  red-stained  veins 
of  calcite  and  sandstone. 

11.  **  Notes  on  Recent  Borings  for  Salt  and  Coal  in  the  Tees  Salt- 
District."     By  Thomas  Tate,  Esq.,  F.G.S. 

The  Tees  Salt  industry  has  expanded  considerably  since  Mr.  E. 
Wilson's  exhaustive  paper  was  read  in  June,  1888. 

The  results  of  subsequent  borings  have  in  most  cases  simply  con- 
firmed previously  ascertained  facts,  but  the  two  boreholes  with 
which  this  paper  principally  deals,  put  down  on  the  White  House 
estate,  three  miles  due  west  of  Stone  Marsh,  may  be  useful  in 
relation  to  the  determination  of  (a)  the  area  of  the  Tees  Salt-field, 
and  (6)  the  southern  limit  of  the  Durham  Coal-basin. 

After  boring  through  115  feet  of  Drift  deposits  and  151  feet  of 
Bed  Sandstones  and  Marls,  the  Saliferous  Marls,  at  the  base  of 
which  the  Salt-rook,  when  present,  is  usually  found  sandwiched 
between  two  beds  of  anhydrite,  were  reached,  having  a  thickness  of 
178  feet,  but  with  no  Rook-salt.  The  Magnesian  Limestone  for- 
mation, only  299  feet  thick,  an  unusually  large  proportion  of  which 
is  gypsum  or  anhydrite,  was  succeeded  by  grey  sandstones,  rich  in 
calcite,  probably  due  to  infiltration.  The  carbonaceous  shales  and 
sandstones  with  bands  of  encrinital  limestone  below  these,  together 
with  their  contained  fossils,  determine  their  identity  with  the  Yore- 
dale  Series.     Total  depth,  1079^  feet. 

The  chief  results  are : — (1)  the  Upper  Eeuper  Red  Marls  are 
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wanting  (as  in  nearly  eveiy  borehole  north  of  the  Teee) ;  (2)  the 
Salt-rock  is  absent  and  the  Bed  Marl  overlying  its  horizon  is  Dot 
'  rotten  marl '  but  compact ;  (3)  the  Magnesian  Limestone  (299  feet) 
is  the  thinnest  complete  section  in  County  Durham  ;  (4)  no  coal  is 
found ;  (5)  the  Yoredale  Rocks  are  represented  by  336^  feet  of  grej 
sandstones  and  encrinital  limestones,  carbonaoeoas  shales,  iroDStone 
nodules  and  carbonaceous  sandstones. 

An  Appendix,  containing  full  details  of  the  two  yertical  sections, 
accompanies  the  paper. 


CONCRETIONS. 

SiB,i— Ts  not  carbonic  acid  evolved  from  decaying  organisms? 
If  lime  were  present  in  the  water  in  which  such  decomposition  were 
taking  place,  would  not  the  acid  combine  with  the  base  to  form  a 
carbonate  of  lime  ? 

Would  not  the  precipitation  of  this  salt  first  take  place  immediately 
around  the  organic  nucleus,  and  form  a  covering  which  would 
enclose  the  decomposing  matter  ?  This  covering  would  not  only 
retard  future  chemical  action,  but  would  confine  it  to  a  much 
narrower  limit,  viz.  the  centre  of  the  embryonic  concretion. 

But  as  the  decomposition  of  the  organic  matter  would  not  neces- 
sarily at  this  stage  be  arrested,  would  not  the  COj  gradually  ooze 
through  the  thin  crust,  and  the  chemical  action  continue,  though 
more  slowly,  as  before,  causing  a  gradual  thickening  of  the  concretion 
through  external  precipitation. 

The  greater  the  distance  from  the  nucleus,  the  weaker  would  this 
action  become,  and  the  concretion  would  finally  reach  a  point  at 
which — owing  either  to  a  failure  in  the  supply  of  the  CO^  or  the 
inability  of  the  same  to  penetrate  the  increased  thickness  of  CaCO,— 
it  would  cease  to  grow. 

Would  not  this  theory  account  for  the  formation  of  Sphaosideriifs, 
and  other  nodules  containing  organic  nuclei  ?  Would  it  not  also 
explain  why  these  so  often  increase  in  hardness  towards  their 
centres  ?  C.  C.  W. 


n^ISOEXiXi^ITElOTJS, 


York  Museum. — We  learn  from  York  that  the  late  Mr.  William 
Reed,  F.G.S.,  whose  obituary  notice  we  published  in  our  June  Number 
(p.  283),  has  most  generously  bequeathed  to  the  Yorkshire  Philo- 
sophical Society  the  sum  of  £600  the  interest  of  which  is  tp  be 
expended  on  the  Museum  which  has  already  been  so  greatly  enriched 
by  the  various  donations  of  collections  presented  by  Mr.  Keed  in 
past  years. 


Geou  Mac.  1891. 


Dbcadb  hi.  Vol.  IX.  fuatX. 


Cliali  Marl.    AUtmaUh  <lat)tmmd  lighler. 


niiJl  SaMdy  Clay, 
3  Dart  Grren  Sand. 
I  Grfy  and  GrtcHisk  Sands. 

I  Dart  Grtm  Sand. 


• 

>4 

S 

J 

o 

I? 

QQ 

Q 

¥-4 

5?5 

^-4 

-< 

u 

•»— 

n 

•^ 

< 

o 

o 

M 

P4 

^4 

M 

n 

CO 

o 

^ 

p 

u 

o 

2 

04 

n 

H 

1: 


3> 
I" 


iH 


J  I' 


■ 

\ 


I       ^T» 


hliwcr.^u 


V 


■ii 

3 


3 

O 


'Si 

c 


£ 

B 

o 

U 


I 


n 


2  c  >>  X  « Ji  h 


•a 
u 


^t,lt-Hi^d'..--4^ij-'.:^j-::^ 


d 


5! 


%»  V  goo 
b  *  5 


Si?*' 


11 
1 

o 
u 


I 


1 


■ 


I 

•2 


\ 
t 

'I 

.  S 


THE 

GEOLOGICAL   MAGAZINE. 

NEW    SERIES.      DECADE     III.    VOL.    IX. 


Vo.  IX.^S£PTEMB£B,  1892. 


I. — Notes  on  Russian  Oeoloot. 

By  W.  F.  HuMi,  B.Sc.,  A.R.8.M.,  F.G.S. ; 
Demonstrator  in  Geology,  Royal  College  of  Science. 

PLATES  X.  AND  XI. 

Cbetaobous. 

IN  the  summer  of  1891  a  journey  was  undertaken  by  the  writer  to 
the  S.W.  Oovemments  of  Russia,  the  immediate  objeot  in  view 
being  the  study  of  the  geology  of  that  region.  This  portion  of  the 
notes  then  taken  will  deal  more  espeoially  with  the  extent, 
thickness,  and  general  contour  of  the  Cretaceous  beds  of  the  district, 
together  with  a  review  of  the  Russian  literature  bearing  on  the  zonal 
distribution  in  the  various  Governments. 

In  1845  Murchison  had  gathered  together  most  of  the  facts  then 
known  regarding  the  Cretaceous  formation  of  S.  Russia,  but  his  own 
direct  observations  were  few,  and  the  work  was  considered  of  only 
secondary  importance.  Under  these  circumstances  it  would  not 
have  been  very  surprising  to  find  that  he  had  fallen  into  error  on 
many  points. 

In  discussing  the  Chalk  of  the  Donetz  Basin,  Murchison  had 
already  pointed  out  the  great  resemblance  of  the  Russian  beds  to  their 
W.  European  representatives,  both  in  their  faunal  and  lithological 
characteristics,  and  subsequent  research  has  shown  that  it  is  possible 
to  arrange  the  strata  into  divisions  corresponding  to  those  adopted 
by  French  authors. 

The  main  discussion  will  be  restricted  to  the  governments  of  Kieflf, 
Poltava,  Tchemigov,  Kursk,  and  Kharkoff;  these  districts  being 
those  which  came  most  under  my  immediate  notice.  In  addition 
to  numerous  personal  visits  to  the  finest  exposures,  I  had  the 
further  advantage  of  being  supplied  by  Messrs.  Winning  Brothers, 
of  Kharkoff,  with  detailed  copies  and  a  few  samples  of  the  principal 
bores  worked  by  them  during  the  last  few  years.  Amongst  these 
the  bore  at  Kharkoff  reveals  the  greatest  thickness  of  Chalk  yet 
known  in  Europe  (Plate  X.  Fig.  1).  Taking  this  city  as  a  centre, 
a  section,  running  from  Gluskhovo  through  Soumy  and  Achtirka 
to  Kharkoff,  and  thence  to  Borki  may  be  constructed  from  the  data 
to  hand. 
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GIuskhoTo 

oil 

S«^umy  ... 

4SS-3 

AchtTirka 

40*208 

Kharkol! 

354-2 

Borki     ... 

636-51 
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The  heights  of  the  principal  localities  may  be  easily  correUfced 
with  the  level  of  the  Chalk  beneath  the  sorface : — 

Cbalk  78  ft.  below  snrfaoe. 
Chalk  147-199  ft.  below  snrftee. 
Xot  reached  at  454  ft.  (Phosphorite  layer onlTmehed). 
Chalk  reached  at  132*9  ft. 
Not  reached  at  529  ft.  (Phoephorite  lajer). 
(See  Plate  XI.  Fig.  2). 

It  will  be  evident  by  mere  inspection  that  the  following  genend 
points  may  be  observed  in  Fig.  1  and  2:  first,  that  the  Tertiaiy 
be«Is  are  divisible  into  two  main  divisions  (1)  an  Upper,  more  sandy 
division  ;  (2)  a  Lower,  more  clayey  division ;  second,  that  the  Chalk 
strata  are  divisible  into  three  main  lithological  divisions  (1)  a  pare 
wliite  Chalk,  in  the  main  soft ;  (2)  a  more  marly  Chalk ;  (3)  a  firm, 
hanl  Chalk.  Finally  there  is  at  the  base  a  greensand,  as  in 
England,  followeil  by  a  few  grey  clays  and  sands. 

S'^c^ndlv.  it  will  be  seen  that  the  thickness  of  the  Chalk  strata 
at  Kburkoff  alone  almost  doubles  that  in  the  London  and  Paris 
Basins. 

A  closer  analysis  of  the  Kharkoff  bore  yields  the  following  details 
of  structure  (the  133  feet  of  Tertiary  beids  are  not  at  present  dis- 
cussed) : 

Feet  in. 
White  soft  Chalk 297    0      Grey  firm  Chalk  (more  clayey) 

Ditto  [more  blaish)    221     0      WTiite  Chalk 

Ditt.>  less  blue) 449     0  Ditto  soft    

Ditto  somewhat  clavey)    ...     134     0          Ditto  hard  (with  glancoiiite) 
Bluish  Chalk  Marl       '  .*..     ...     101     0       Green  sandy  day    

Ditto  ^darktT  and  li|;hter)  ...     156     0       Grey  sand        

Grey  tirm  Chalk     ...  " 137     0       Hani  hoond  grey  sand 

Ditto  ^more  white  and  soft^       148    0  After    these    follow  green  and  ewy 

Ditto  (with  foev>il4=     7     0      sands,  alternating  with  £rk  sandy  cUys. 

Fraj:meuis  of  a  IVleainitc  At  a  depth  of  2107ft.  Sin.  below  the 

and  Inocenunu^.  surface  fossil  wood  was  met  with  in  4 

Ditto '^  with  gTtvn  clayey  bed)     10    0       coarse  grey  sand. 

In  the  Sourav  bore  there  is  les^*  detail  (Tertiar)*  beds  here  200  feet  thick). 

Very  soft  white  Chalk 216  feet  6  inches. 

3  ft.  6  in.  firm  bed  between. 
Ditto  flight  bluish)     143  feet. 

Then  follow  a  series  of  alternations  of  hard  and  soft  Chalk  beds, 
to  a  depth  of  93-1  feet.  At  '^^dS  feet  there  is  a  very  hard  bed  with 
bluish  sandy  balls,  and  at  a  depth  of  about  900  feet  daik  flints 
make  their  appearance  in  a  hard  Chalk  bed.  Below  this  hard  bed 
(50  feet  thick)  commences  the  Chalk  Marl,  the  latter  being  over 
150  feet  thick  when  the  boring  ceased.  In  the  Glushkovo  bore 
(excluding  78  feet  of  Tertiary  and  later  beds)  105  feet  of  clean  soft 
white  Chalk  were  passed  through  before  the  boring  was  finished. 

Although  the  want  of  fossils  is  marked,  and  the  ontcrops  are  few 
and  far  between,  it  may  yet  be  possible  to  obtain  a  few  detaQs  as  to 
the  faunal  characters  of  the  beds.     For  this  purpose  I  undertook 

journey  to  Bielgorod,  75  versts  to  the  N.  of  Kharkoff,  visiting  as 
ij  quarries  as  it  was  possible  during  the  time  at  my  disposal 
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Tha  beda  eridentlj  OOirMpond  to  th«  bigheet  seriea  in  the  above 
tables,  as  they  are  soft  white  Chalk,  and  immediately  underlie  the 
Greea  Tertiary  SandBtones.  Theie  beds  yielded  a  most  abundant 
crop  of  Bdeamtdla  Mveronafu,  but  beyond  these,  and  a  fragment  of 
a  thin-Bhelled  Tnoeertmuu,  no  other  forms  were  obtained. 

Prof.  Armaohevsky,  who  has  been  engaged  in  the  task  of  mapping 
the  northern  portion  of  the  area  now  under  disoDSsion,  has  examined 
the  exposarea  of  Chalk  and  Chalk  Marl  displayed  in  the  ooursea  of 
tlte  fiivers  Siem  and  Fsiol.  (A.  lai|^  number  of  localities  ere 
given  by  him  which  I  need  not  mention  here).  The  strata  consist 
in  the  main  of  a  white,  massiTely-jointed  Chalk,  Chalk  Marl  only 
cropping  out  in  the  N.B.  oomer,  towards  Eursk.  The  followiug 
fossils  ooour  in  the  first-named  :  Cidarit  vetievlota,  Eehiaoeoryt  oeala, 
Terebraluta  eartua,  Ostrea  veticularia,  and  PeeUn  splendent. 

HAP  OF  SOUTH  EUaSIA  (Cnrui.  Portioh}  BiniutED  to  ik  papbr. 


In  the  Tohernigov  Qoremment  to  the  N.W.  a  large  series  of 
fossils  have  been  met  with,  but  they  seem  to  show  that  the  zonrvl 
arrangement  holds  far  less  for  this   E.  end   of   the    Earo^&a 
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Cretaceous  basin.  At  the  same  time  most  of  the  genera  are  tin 
same  as  those  oocarring  in  the  English  Chalk,  and  the  results  maj 
be  analysed  as  follows  : 

Ik  Wbstbbn  Eu&ofb. 

iOsirea  vesirulartM        ...     Whole  Upper  Cretaceoos. 
,,     JlabeUiformit    ...    TuFoiiian  and  SenoniaiL 
Spondylua  spinosus      ...         Ditto  ditto. 

Parasmilia  eentraUt    ...         Ditto  ditto. 

Eehinoeorys  ovata       ...  Belemnitella  mueronata  Zoae, 

TerebrattUa  eamea      ...  Do.andMicr.cor-angiiiniimZonfi. 

a««^«;««  t^^^^  1  Maga*  pumilus  ...  BelemnUeUa  mmenmtUa  Zone. 

Senoman  forms       ...  I  ^ZmniUUa  mucronata  Ditto. 

Pecten  undulatm        ...     Marsupitee  Zone. 
Many  Yentricalites. 

And  probably  meet  of  the  Fi^h  remains Beryx^  CoraXf  Itehyodcn^  ete. 

Cenomanian  forma ...    \^J±!^'"'^^       -    ■J^*'"  "^  "^  C"<»itie  """• 

It  will  be  seen  from  the  above  list  that  by  far  the  greater  number 
of  the  fossils  obtained  belong  to  the  higher  beds  of  the  Upper 
Cretaceous  in  W.  Europe,  and  it  is  therefore,  on  the  whole,  perhaps 
aiivisable  to  conclude  that  the  White  Chalk  and  Chalk  Marl  represent 
a  Senonio-Turonian  series  in  which  divisions  are  not  sharply  marked 
off  as  with  us. 

Summing  up  then,  we  may  conclude  that  the  Cretaceous  beds  are 
cropping  out  in  the  following  order  from  S.  to  N. : 

1.  Chalk  (white  and  soft,  in  N.  Eharkoff  Oovemment).  2.  Chalk 
Marl  (in  S.  of  Eursk  Government).  3.  The  phosphoritio  grits  of 
Kursk,  which  have  been  shown  to  be  Cenomanian  by  the  Russian 
geologists,  and  which  crop  out  some  five  versts  N.  of  the  above 
town.  A  few  words  may  also  be  of  interest  as  to  the  work  done 
with  ret^ard  to  these  beds  in  the  Governments  on  the  N.E.  and  E. 
of  the  Kharkoff  Government. 

In  the  Saratov  Government  Prof.  Sintzoff  has  noticed  two  upper 
Cretaceous  divisions — a  sandy  and  a  marly  or  chalky  division; 
passing  into  one  another  by  gradual  lithological  change ;  he  divides 
the  latter  again  into  (1)  Chalk;  (2)  Chalk  Marl;  (3)  Sponge  beds, 
with  numerous  remains  of  sponges.  (This  has  not  been  met  with 
in  the  Kharkoff  bore.)  The  same  Professor  has  again  remarked 
for  the  Simbirsk  Government  that  there  are  two  main  divisions, 
viz. :  Chalk  and  Chalk  Marl,  inseparable  from  one  another,  both 
on  palseontological  and  stratigraphical  grounds.  Below  this  occurs 
glauconitic  chalk,  with  phosphatic  nodules.  In  the  above  views 
Professor  Lagusen  concurs.  Professor  Sintzoff  has  also  come  to  the 
conclusion  that  the  fauna  of  these  beds  is  a  mixture  of  Senonian  and 
Turonian  forms.  Professor  Lagusen  has  remarked  that  the  fauna  of 
Simbirsk  is  mainly  Senonian,  but  at  the  same  time  Turonian  forms 
occur,  and  this  condition  holds  for  other  Governments,  wherever 
studied  (Yoronesh,  Don  Cossack  country,  Kursk,  Kharko£^  and 
Ekaterinoslav). 

Prof.  Borusak  also  has  divided  these  beds  into  White  chalk.  Chalk 
Marl,  and  Glauconitic  marly  sandstones.  For  the  Kursk  Govern- 
ment Hofmann  has  shown  that  the  famous  phosphorite  grit  or 
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Kortherh  Bone  Bed  of  Eiprianov  contains  numerons  sponges  (Poro- 
spongia,  Crihrospongia  eoncetUrica),  and  has  referred  these  to  the 
Cenomanian. 

In  the  Chalk  Marl  he  found  Ostrea  carinata,  0.  eanalictdata,  etc., 
and  referred  it  to  the  Turonian,  and  finally  the  soft  chalk  with  flints 
and  Belem.  mueronata,  0,  vesiculariSt  and  0.  semiplana  he  considered 
Senonian.  (These  results  must,  however,  be  modified  as  shown 
above.) 

2nd.  The  development  of  the  Cretaceous  Basin  to  the  west  of  the 
central  area  may  next  be  considered.  Data  from  borings  are  very 
scarce,  the  only  boring  of  any  importance  being  the  Letunofsky 
one,  at  Gorbunovka,  near  Poltava.  The  Tertiary  and  more  recent 
beds  here  attain  a  thickness  of  over  670  feet,  after  which  231  feet 
of  soft,  white  chalk  was  passed  through.  The  bore  was  then 
discontinued,  it  being  concluded  that  the  Chalk  might  prove  to  be 
thicker  than  the  deposit  at  Eharkofif. 

While  a  good  deal  of  work  has  been  lately  done  with  regard  to 
the  Tertiary  deposits  of  the  Poltava  Government,  no  mention  has 
been  made  of  any  exposures  of  the  Cretaceous  system  in  that  part 
of  the  country. 

W6  must  go  to  the  neighbourhood  of  the  town  of  Eiefif  for  con- 
clusive evidence  as  to  the  presence  of  Cretaceous  beds  on  the  west  of 
the  Poltava  Gk)vemment  I  am  informed  that  a  bore  in  the  lower 
part  of  the  town  of  Eiefif  passed  through  30  feet  of  chalk,  but  have 
been  unable  to  obtain  the  paper  in  which  Prof.  Theophilaktofif 
discusses  this  occurrence.  This  bed  probably  soon  thins  out  and 
dies  away  at  the  great  Archsdan  axis. 

Further  to  the  south  (see  map)  along  the  course  of  the  Dnieper, 
between  Tripolie  and  Toherkass,  occur  a  series  of  beds  of  a  glau- 
conitic  sandy  nature,  containing  fossils  of  Cenomanian  age,  such  as 
Amm,  Mantelli,  Amm.  varians,  Exogyra  conica,  and  Janira  quinque- 
cosiata.  These  beds  are  80  feet  thick,  and  have  undergone 
considerable  step  faulting.  The  main  dip  is  30°  S.W.  that  is,  away 
fiom  the  river.  [It  would  be  of  interest  to  know  whether  there  is 
much  trace  of  faulting  along  the  course  of  the  Dnieper,  such  as 
occurs  along  the  Thames  valley.  Certainly  the  very  high  escarp- 
ment on  the  right  side  of  the  river,  which  forms  such  a  picturesque 
object  at  the  town  of  Eiefif  itself,  might  be  due  in  some  measure  to 
such  earth  movements,  just  as  there  is  a  similar  escarpment  in  the 
central  portion  of  the  course  of  the  Donetz,  and  also  on  the  Volga, 
the  right  bank  being  always  the  higher  side.]  The  Cretaceous 
sands  above-mentioned  are  surmounted  by  the  Tertiary  sandstones 
of  Butsohak  and  Traktemirov,  whose  fauna  was  already  well  known 
in  Murchison's  time.  A  little  further  down  the  river,  at  Erement- 
chug,  I  observed  gneisses  well  marked  on  the  east  side  of  the 
river,  so  that  the  Cretaceous  deposits  probably  do  not  extend  far  south 
of  their  known  outcrop  as  mentioned  above.  These  beds  rest  upon 
Jurassio  strata,  with  which  they  appear  to  be  comformable. 

3rd.  In  a  direction  S.E.  from  Eharkofif  the  Cretaceous  beds 
have  an  enormous  extension.    Hidden  under  the  Tertiary  beds  for 
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a  time,  the  Chalk  reaches  the  sarfaoe  in  the  neighbouiliood  of  Izioin. 
Here,  as  shown  by  Murohison,  the  Chalk  is  80  feet  thick ;  imder- 
Death  these  are  greensand  beds  70  feet  thick,  and  then  come  44  feet 
of  Upper  Jurassic  beds.  As  this  spot  is  70  miles  S.E.  of  Kharkoff, 
and  no  other  Jurassic  outcrop  oooars  between  the  two  towns,  it  is 
probable  that  the  Chalk  slowly  thickens  towards  the  North. 

Further  to  the  S.  a  splendid  display  of  the  Upper  Cretaoeoas 
and  its  subjacent  beds  occurs  at  the  great  monastery  of  Sviati  Gori, 
in  the  fine  escarpment  overlooking  the  Donets.  The  upper  300  feet 
consists  of  a  somewhat  coarse  chalk,  containing  layers  of  flinti. 
Below  it  occurs  a  large  mass  of  somewhat  fine  greensand,  which 
yielded  no  fossils  to  our  research.  It  is  well  displayed  in  the 
winding  road  down  to  the  river.  I  was  nnable  to  obtain  snffident 
evidence  as  to  its  exact  thickness.  It  was  certainly  at  least  16  to 
20  feet.  As  will  be  seen,  this  greensand  occupies  an  enormoas  area, 
and  very  probably  belongs  to  the  Pecten  asper  zone  (Marohison).' 

Variegated  clays  separate  the  greensands  from  the  Jurassic  lime- 
stones  which  form  a  second  low  cliff  near  the  river.  These  beds 
are  practically  unfossiliferous,  although  strata  of  similar  lithoiogical 
character  at  Shilovka,  near  Simbirsk,  yielded  Amm,  eatuobrimu  to 
the  researches  of  M.  Jasikoff  (see  Murchison),  and  they  may  perhaps 
like  them  be  referred  to  "couches  superieures  Neocomiennes '*  of 
D'Orbigny. 

Thus  a  comparison  gives: 

Eharkoff.  Iziom.*  Sviati  OorL 

Tertiary,  133  ft. 
Chalk  and  Chalk  Marl.         Chalk.  Whitish  Chidk  (aboat  300  ft.) 

(1831ft.)  (30  ft.) 

Green  and  grev  sands.  Greensand  (70  ft.)         Greensand  (Pmore  than  20  ft.) 

Same  alternating  with  Variegated  clays. 

dark  clays. 

Jurassic  Limestones.      Jurassic  Limestones. 

From  Sviati  Gori  the  Chalk  area  extends  unbroken  20  miles  to 

the  south  at  Kramatorovka.     The  whole  of  the  country  between 

these  two  points  consists  of  undulating  steppe,  the  understratum 

of  chalk  being  barely  concealed  by  a  thin  covering  of  grass,  whilst 

^  It  may  be  noted  that  the  repetition  of  the  Jurassic  Strata  at  Sviati  Gori,  st 
Kamenka,  and  at  Tzium,  is  regarded  hy  Prof.  Gourov  as  being  due  to  a  succession  of 
inults.  It  again  raises  the  question  how  far  parts  of  the  courses  of  important  riren 
have  been  determined  by  such  movements  of  the  earth's  crust.  Proi.  Gourov  has 
shown  the  existence  of  Jurassic  limestones  not  far  from  Poltava,  so  that  it  is 
probable  that  Upper  Cretaceous  beds  do  not  extend  far  to  the  S.  of  that  town. 

^  At  Fedorovka,  in  the  Izium  district,  a  boring  by  Messrs.  Winnins',.  has  shown 
the  existence  of  451  feet  of  variegated,  green,  and  rea  clays,  which  probably  belonr 
to  the  ^me  category  as  those  mentioned  above.  At  a  bore  between  Barvenko  and 
Stavrikov,  in  the  valley  between  the  stations  of  Gavrilovka  and  Slaviansk,  the 
beds  vary  remarkably  in  their  lithoiogical  character.  For  the  first  60  feet  variegated 
and  bro\Mi  clays  predominate  ;  the  next  150  feet  are  sands  and  sandstones.  For  the 
next  100  feet  there  is  contest  between  the  clays,  sandstones  and  limestones,  the  latter 
forming  two  or  three  bands  6  ft.  thick,  separated  by  wide  intervals.  The  lemainiog 
228  feet  are  almost  entirely  variegated  brown  clays.  It  is  pos&ible  that  these  beds  were 
deposited  near  a  shore  line,  the  sea,  in  which  the  Oolitic  limestone  of  Sviati  Gori 
was  laid  down,  occasionally  reinvading  the  district.  Subsequently  the  days  them- 
selves invaded  the  Jurassic  sea,  and  covered  the  limestones,  as  at  Sviati  Ocoi. 
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in  every  gully  the  ohalk  is  seen  to  form  the  walls.  In  one  of  these 
the  inevitable  BdemaUeUa  mucronoAa  came  to  light. 

It  would  seem  as  though  the  Cretaoeous  beds  were  sweeping 
round  the  Jurassio  which  bordered  them  on  the  W.  side,  and  underlie 
them  at  Izium,  Eamenka,  and  Sviati  Gori.  They  then  skirt  the 
edge  of  the  Permian  district  which  contains  the  splendid  Brians* 
ooe  and  Stupki  salt  mines.  Two  points  of  interest  here  attracted 
attention,  viz.  that  the  alabaster  hills  stretching  N.  from  Bachmut  to 
Stupki  were  covered  with  flints,  and  that  the  Chalk  forms  a  sharply 
marked  escarpment  stretching  all  along  the  left  side  of  the  railway 
from  Eramatorovka  to  Vierolubovka.  The  oondusion  seems  irre* 
sistible,  viz.  that  Chalk  beds  extended  much  farther  to  the  S.  over 
the  Permian  area,  the  flints  being  evidence  of  the  past  denudation 
and  the  escarpment  evidence  of  that  now  proceeding. 

Further  to  the  E.  the  Upper  Cretaceous  actually  overlaps  the 
Carboniferous,  and  several  coal-mines  have  been  sunk  through  the 
Chalk  to  the  Carboniferous  deposits  below.  As  Murchison  had  long 
ago  remarked,  the  Chalk  appears  to  occur  in  basins  or  pockets, 
filling  up  spaces  between  highly  inclined  Carboniferous  strata. 
Ill  us  he  pointed  out  that  an  artesian  well  at  Lugansk  was  made, 
630  feet  deep,  Chalk  being  passed  through  all  the  time.  At  Uspensk 
again,  white  chalk  occurs,  containing  Inoc,  Cuvieri,  lAma  Beminuleata^ 
Ostrea  vesictdaris,  and  Belemnitella  mucronata,  and  possessing  bands 
of  flints.  The  dip  is  N.N.E.  He  also  mentions  small  tracts  of 
Greensand  to  the  N.  of  Lugansk,  rising  from  beneath  the  Chalk, 
and  loaded  with  ExogyrcB  and  Ostrea  veaicuIariB, 

A  remarkable  case  is  presented  by  a  boring  recently  carried  out 
near  Bielaia,  close  to  the  junction  of  the  Cretaceous  and  the 
Carboniferous.  About  two-thirds  of  a  mile  from  the  station  coal 
is  being  worked  in  true  Carboniferous  strata ;  at  the  station  a  boie 
has  been  constructed  which  passes  through  600  feet  of  Chalk  Marl, 
and  below  this  through  200  feet  of  soft  white  chalk.  At  this  point 
the  bore  was  stopped,  and  no  definite  opinion  as  to  the  junction  of 
the  Cretaceous  and  Carboniferous  can  be  stated. 

Passing  in  the  direction  of  Lugansk,  to  the  E.,  some  little  distance 
along  the  railway,  I  noticed  a  very  deep  and  well  marked  ravine. 
Not  far  removed  from  this  ravine  was  an  exposure  of  greensand. 
It  appeared  as  though  the  great  depth  of  Chalk  at  Bielaia  might  be 
due  to  faulting,  the  direction  of  the  fault-plane  being  coincident  with 
the  ravine  above-mentioned. 

To  the  E.  the  Cretaceous  passes  under  Tertiary  beds,  and  not 
having  been  further  in  that  direction,  we  must  call  attention  to  the 
work  by  Prof.  Golovkinski,  on  the  geology  of  the  Taurida  Govern- 
inent,  as  revealed  by  artesian  borings. 

Some  70  m.  to  the  N.  of  Melitopol,  on  the  Azoff  Sea,  a  bore  has 
been  constructed  at  Oriechov,  which  shows  the  existence  of  the 
Cretaoeous  directly  overlying  the  Archaean  at  that  point.  At 
Voskresenka,  to  the  E.  of  this  place,  the  Cretaoeous  ceases,  and  the 
remains  of  the  Archasan  axis  separates  it  from  the  shores  of  the  Sea 
of  Azo£     This  axis  is  noty  however,  complete  to  the  N.W.  a  lar^ 
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strait  of  Miocene  beds  occupying  tbe  intervening  space.  The 
borings  bave  sbown  tbat  starting  from  a  point  80  miles  N.  of 
Melitopol,  tbe  Tertiary  beds  attain  tbeir  maximum  tbickness  under 
tbe  Azoff  Sea,  really  forming  an  immense  synclinal  basin,  bordered 
at  one  extreme  by  tbe  Cretaceous  and  Arcbs^an  of  tbe  Don  Cossack 
country,  and  on  tbe  otber  by  tbe  Cretaceous,  tbe  Jurassic,  and 
Arebsean  of  tbe  Soutbem  Crimea. 

From  tbe  above  data  it  will  now  be  possible  to  form  some  more 
precise  idea  of  tbe  extent  of  tbe  Central  and  Soutb  Russian  Creta- 
ceous Basin,  and  to  trace  its  boundaries  more  sbarply  tban  has 
bitberto  been  possible.  Witb  tbat  view  I  bave  visited  many  craoial 
points,  and  bave  made  a  study  of  various  Russian  writings  eitber  in 
tbe  original  or  from  references  in  otber  pampblets. 

(A  map  sbould  be  referred  to  in  following  out  tbese  oondusions :) 

1.  One  boundary  of  tbe  Cretaceous  basin  is  very  closely  connected 
witb  tbe  course  of  tbe  Dnieper,  tbe  Cbalk  tbinning  out  near  EieC 
as  sbown  by  boring,  tbe  Cenomanian  and  Albien  (as  sbown  by 
ITieopbilaktoff)  resting  directly  on  Upper  Jurassic  W.  of  tbe  Dnieper, 
therefore  Cretaceous  deposits  cannot  be  of  great  extent,  and  most 
die  away  against  the  ArcbsBan  axis. 

2.  Tbe  Jurassic  beds  follow  tbe  line  of  tbe  Arebsean  axis  towards 
tbe  S.E.,  tbe  Cretaceous  beds  being  tbus  limited  to  tbe  N.  The  out- 
crop of  tbese  beds  therefore  bends  sbarply  to  tbe  E.  passing  S.  of 
Poltava,  and  resting  directly  (both  Cenomanian  and  Senonio-Turt>- 
nian)  on  tbe  Upper  Jurassic  beds  at  Izium,  Eamenka,  and  Sriati- 
Gori  (Gourov  and  personal  obs.)  Borings  also  lead  to  tbe  conclusion 
that  the  Jurassic  beds  are  developed  in  the  N.  of  tbe  Ekaterinoslav 
Government  to  an  extent  not  previously  imagined. 

3.  The  boundary  then  successively  rests  on  Permian  (near  Bach- 
mut)  and  on  Carboniferous  parallel  to  the  S.  bank  of  tbe  River 
Donetz  before  it  takes  a  bend  to  the  E.  From  this  point  the 
Cretaceous  expands  in  the  Don  Cossack  country,  sending  o£f  an  arm, 
which,  passing  under  the  Tertiaries  of  Taurida,  reappears  in  the 
Cretaceous  hills  of  S.  Crimea  (Golovkinski).  The  main  mass  passes 
southward  towards  the  Caucasus,  disappearing  under  tbe  Aralo- 
Caspian  strata  that  occupy  the  space  between  the  Azoff  and  Caspian 
Seas.  Their  boundary  is  probably  somewhat  N.  of  tbe  main 
Caucasus  range,  as  Neocomian  fossils  bave  been  met  witb  both  at 
Kislovodsk  and  Piatigorsk. 

It  would  be  scarcely  right  to  include  in  this  paper  tbe  deposits 
containing  Inoe,  Cripsii  and  Belem.  tnucronata,  which  occur  in  the 
S.  Caucasus  and  in  Armenia  and  Daghestan,  especially  as  these 
present  tbe  characters  of  the  Soutbem  Cretaceous  type.  With  this 
limitation,  the  extension  of  the  beds  to  the  W.  may  be  next  studied, 
and  in  the  provinces  of  Voronesh,  Simbirsk,  and  Saratov,  as  also  in 
tbe  Obschei  Sirt  Hills,  white  chalk  (apparently  closely  related  to  the 
Senonio-Turonian  already  mentioned)  is  developed  on  an  immense 
scale.  Murchison  has  shown  that  near  Indovistye,  W.  of  Yoronesb, 
tbe  W.  chalk  is  only  20  feet  thick  and  immediately  overlaps  the 
Devonian,  100  feet  of  Greensand  (Cenomanian)  occurring  below. 
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'  150  m.  to  the  E.  at  Volsk  on  the  Volga  tbe  chalk  is  200  feet  thiok 
oontaining  Belemniies  f  possibly  BelemniteUa,  Peeien  (like  qtdnque' 
coBtata).  There  is,  however,  a  more  general  tendency  for  the 
Cretaoeons  beds  to  become  clayey  or  sandy  in  the  two  Gk)vernment8 
of  Simbirsk  and  Saratov.  The  former  condition  prevails  in  the 
Simbirsk,  the  latter  in  the  Saratov  Government  Thus,  at  the  town 
of  Saratoff  itself,  Morchison  had  previously  shown  that  the  Upper 
CretaoeooB  beds,  include  white,  grey,  and  bluish  marls  containing 
BelemniteUa  mueronata  and  Peeten  eretoaue.  In  the  N.  of  the 
Simbirsk  Gk)vemment  Neocomian  and  Aptien  beds  occur,  and  only 
the  8.  portion  of  the  Gk)vemment  is  occupied  by  the  Upper 
Cret€tceou8.  Finally,  Sintzoff  has  shown  that  the  Cretaceous  is 
represented  by  soft  Chalk  and  Chalk  Marls  in  the  Obschei  Sirt,  a 
lumd  of  hills  in  the  neighbourhood  of  Orenburg.  The  white  Chalk 
at  Uralsk  here  contains  Belem.  mticronata,  and  Echinoeorye  ovata, 
thus  probably  forming  the  E.  part  of  the  great  central  basin.  On 
the  Siberian  side  of  the  R.  Oural  these  beds  sink  beneath  the 
Tertiary  of  the  Eirghese  steppes.  It  will  be  advisable  to  give  the 
succession  in  a  few  typical  localities  in  these  Western  Governments, 
so  that  a  clear  idea  may  be  formed  of  their  general  characteristics. 

The  succession  near  Simbirsk  (Tasiko£f)  is  as  follows  (see 
Murchison). 

I.  (1)  White  Chalk,  with  courses  of  chert,  occasional  deposits  of 
tripoli,  and  masses  of  ferruginous  ochre.  (2)  Chalk  Marl  with 
bands  of  chloritic  Chalk,  in  lower  parts  of  which  occur  Inoe,  Cuvieri, 
Pel,  mueronata,  and  Zoophytes.  (3)  Marls  with  phosphatic  nodules. 
Total  above  250  feet 

In  the  Upper  beds  occur  Tereh.  cameaj  T,  auhroiunda,  Micraster 
eoranguinum,  Plagioatoma  Roperi,  Pel.  mueronata,  Scaphites  aqualiSf 
with  Zoophytes,  Crustacese,  and  teeth  and  vertebrae  of  fishes. 

II.  Below  these  occur  300  feet  of  variegated  clays,  containing 
Amm  consobrinus  (Upper  Neocomian).  Their  position  reminds  us  of 
similar  clays  below  Greensand  at  Sviati  Gori. 

IIL  The  base  is  formed  by  the  Besonov  and  Simbirsk  clays,  contain- 
ing such  typical  forms  as  Inoc,  concentricus,  and  Hoplitea  Deshayesii, 

Lower  down  the  Volga,  at  Kwalynsk,  Chalk  200  feet  thick 
occurs,  resting  directly  on  Jurassic  sands  and  shales. 

The  characters  of  the  strata  at  Volsk  have  been  mentioned  on  the 
previous  page. 

Still  following  the  Volga,  we  arrive  at  the  town  of  Saratov,  with 
the  beds  well  exposed  on  its  shores.  There  is  here  a  lithological 
difference,  and  in  Fig.  344  (Murcbison's  "  Russia  and  the  Urals '') 
the  succession  is  given  as  follows : — 1.  Grey  clays  with  Ostrea 
veeictdarie.  2.  White,  grey,  and  bluish  marls  with  Pel,  mueronata 
and  Peeien  cretosus,  3.  Sponge-bearing  stratsu  4.  Calcareous  sand- 
stones, with  Terebrattda  and  Ostrea  lateralis.  Below  these  come 
Jurassic  beds. 

100  miles  to  the  S.  at  Eamischine,  Inostranzoff  mentions 
Neocomian  and  Aptien  zones,  whilst  further  S.  at  Bielaiaglina 
(white  days)  pure  white  Chalk  occurs  containing  Terebrattda  camea^ 
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We  have  thus  followed  MnroliiBon  in  taking  a  typical  aeries  of 
localities  on  the  Volga,  the  evidence  showing  that  the  CretaoeoQfl, 
especially  the  Upper  White  Chalk,  is  strongly  developed  over  a  wide 
superficial  area,  though  never  apparently  attaining  any  considerable 
thickness. 

lY.  Leaving  the  Volga  district  to  the  E.  the  boundary  of  the 
Senonio-Turonian  basin  passes  to  the  N.  of  the  Voronesh  Govern* 
xnent,  to  the  N.  of  the  Kursk  Gk)vernment  and  also  through  the  N. 
of  the  Tchemigov  Government,  resting  at  Klintsi,  on  glanconitio 
ferruginous  sands,  sandstones  and  limestones,  containing  fossils  of 
Cenomanian  age.  We  have  thus  traced  the  great  central  basin 
(presumably  Senonio-Turonian)  from  all  evidence  now  to  band, 
showing  its  junction  with  the  Cenomanian  at  points  widely  distant 
from  one  another,  and  the  question  now  arises,  How  far  can  this 
basin  be  traced  to  the  westward?  At  this  point  we  must  take 
advantage  of  the  great  Russian  text-book,  written  by  Professor 
Inostransefif,  and  the  evidence  he  adduces  proves  that  this  basin 
is  to  be  met  with  almost  up  to  the  Russo-German  Frontier. 

In  Podolia  and  Yolhynia  white  Chalk,  Chalk  Marl,  and  marly 
sands,  are  all  met  with. 

•  In  the  main  governments  of  Poland  the  same  condition  of  things 
occurs,  but  here  the  Chalk  Marl  is  rich  in  Turonian  fossils,  and 
there  would  appear  to  be  more  sharply  defined  limits  between  the 
Turonian  and  Senonian  as  we  pass  westward.  In  the  Lublin 
Government  (S.  Poland)  these  beds  are  well  developed,  being 
300  to  540  feet  thick,  and  resting  directly  on  glanconitio  sands  or 
marls  containing  Gault  fossils. 

■  The  Upper  Cretaceous  has  also  a  wide  extension  in  the  N.  of  the 
Government  of  Grodno,  as  also  in  Kovno  and  Courland,  and  there 
seems  no  reason  to  doubt  that  the  great  Russian  Upper  Cretaceous 
area  is  thus  directly  united  with  the  Swedish  deposit,  and  is  only 
hidden  by  a  thick  series  of  Tertiary  beds. 

Conclusions  as  to  Central  and  Russian  Uppkb  Cbbtaoeous  Basin 

(Exclusive  of  Cenomanian), 

1.  Its  length  from  E.  to  W.  is  almost  equal  to  the  greatest  breadth 
of  the  Russian  Empire  (over  1200  miles).  This  is  I'eckoned  from 
the  River  Vistula,  near  Lublin,  to  the  River  Oural,  near  Orenbourg. 

2.  Its  general  breadth  may  be  taken  at  200  miles  from  N.  to  S. 
Thus  from  Kursk  to  Tzium  this  breadth  is  attained. 

3.  Its  greatest  known  depth  is  attained  at  the  town  of  Kharkoff 
(1831  feet),  thus  presenting  the  greatest  thickness  of  Chalk  and 
Chalk  Marl  in  Europe.  This  diminishes  towards  Poland,  on  the 
W.,  where  it  is  540  feet  thick,  and  toward  the  Volga,  on  the  E., 
where  it  is  200  feet  thick. 

4.  Its  palseontological  contents  show  it  to  represent  a  facies  which 
is  not  definitely  Senonian  or  Turonian,  but  is  a  combination  of  both 
(Senonio-Turonian),  and  that  the  lithological  variations  (Chalk  and 
Chalk  Marl)  have  no  efifect  on  the  character  of  the  enclosed  foasils. 
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Apparentlj,  however,  towards  the  W.  the  W.  Earopean  oonditions 
seem  to  be  more  nearly  approaohed.    No  zones  oan  be  determined. 

5.  That  the  White  Chalk  and  Chalk  Marl  have  no  absolute  definite 
relation  to  eaoh  other  (White  Chalk  being  sometimes  foand  both 
below  and  above  Chalk  Marl),  but  that  in  general  the  former  over- 
lies the  latter. 

6.  That  the  Upper  Cretaoeous  is  unconformable  to  the  Tertiary 
overlying  it,  and  on  its  S.  border  rests  suooessively  on  Archsdan, 
Jurassic,  Permian,  Carboniferous,  and  Arcluean. 

7.  That  a  great  part  of  these  deposits  is  overlain  by  Tertiary  and 
Post-Tertiary  deposits.  (An  important  Phosphatio  deposit  occurs 
a  few  feet  above  the  juoetion  of  the  Tertiary  and  Cretaceous, 
extending  through  the  Eharko£f,  Poltava,  and  part  of  the  Eieff 
and  Kursk  Gk>vemments. 

8.  That  the  Upper  Cretaoeous  does  not  form  one  single  synclinal 
basin,  but  is  folded  into  several  anticlinals  and  synclinals,  which  are 
then  unconformably  overlain  by  the  Tertiary. 

The  above,  then,  are  the  main  general  points  with  regard  to  the 
Senonio-Turonian  basin  of  S.  Russia. 
For  the  Cenomanian  the  following  conclusions  may  be  enunciated : 

1.  That  in  the  largest  number  of  cases  where  junction  exposures 
are  shown,  it  is  found  underlying  the  above-mentioned  beds. 

2.  That  borings  prove  it  to  underlie  the  Chalk  and  Chalk  Marl 
at  the  points  of  their  greatest  depth  (as  at  Kharko£f). 

3.  That  lithologically  it  is  mainly  Greensand,  and  is  on  the 
average  about  100  feet  thick. 

Of  late  years,  however,  new  problems  have  come  into  the  field, 
and  new  paths  have  been  opened  up.  The  **  Challenger  "  expedition 
has  thrown  new  light  on  the  Ocean  deposits  of  the  present  day,  and 
once  more  interest  is  turning  to  that  vast  Chalk  area  which  lies  at 
our  very  doors.  The  homogeneity  of  the  Chalk  is  fast  becoming 
a  myth  of  the  past,  and  the  microscope  seems  likely  to  help  in 
unravelling  something  of  the  physical  geography  of  that  far  distant 
period. 

Hitherto,  however,  if  we  mistake  not,  the  efforts  in  this  direction 
have  never  been  undertaken  on  a  large  scale,  unless,  perhaps, 
exception  be  made  in  the  case  of  M.  Cayeux's  researches  on  the 
Senonian  and  Turonian  of  the  Nord.  The  attack  has  in  other  cases 
been  mainly  made  on  Chalk  containing  more  or  less  phosphatio 
material.   The  problems  may  be  discussed  perhaps  a  little  as  follows: 

1.  What  are  the  actual  residues  left  after  solution  of  the  calcareous 
portion  of  the  Chalk  ? 

2.  How  far  may  those  fragments  reveal  their  own  origin,  and  so 
throw  light  on  the  causes  which  brought  them  into  their  present 
position  ? 

The  researches  of  M.  Cayeux  on  the  Di^ves  of  Liege  (Soc.  GeoL 
du  Nord.  Annales,  vol.  xix.  1891,  2^  Livr),  may  well  serve  as  a  basis 
for  further  experiment  in  this  direction. 

Statements,  however,  as  to  the  contents  of  the  Chalk  residues 
in  the  Tchemigov  Governments  are  to  be  met  with  in  Professor 
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Armacbevsky's  paper  on  this  district     He  shows  ihat  the  dried 
white  soft  Chalk  is  composed  as  follows : 

t/au  .|A  )  The  residae  is  clay  and  some  quartz  grains. 

?(?/         43-70  1  '^^^  ™*y  sometimes  form  1  per  cent,  of  the'irhole,  gifing 
■    H^d  '41  )       rise  to  a  harder  white  limestone. 


99*69  per  cent. 

Olauconitic  Chalk  also  occars  in  a  few  places,  as  at  Bogovka;  an 
analysis  is  as  follows : 

Hainly  I  CaO       36*57     \  i^MufM^s angular  grains  of  quartz  (0-03  0*1  mm. 

Coccolites  and  |  MgO      Traces    f      diameter),  about  equal  diameter,  transparent. 
Foraminifera    (  Co,         28*78      j  ^/^MM>fi(^=(^Te-green,  and  some  eridentlj  easts 
Residue  34*63     /      of  TextuUtria^  Rotalia,  and  Xodomrim.    A1m» 

(acetic  acid) plates  of  Mica  and  clayey  parts. 

99*98  per  cent. 

The  presence  of  mica  (mnsoovite),  both  in  this  Chalk  and  in  the 
Chalk  Marl  to  be  mentioned  below,  is  of  special  interest,  as  some 
of  the  Archsdan  rocks,  aboat  100  miles  distant,  are  very  rich  in  this 
mineral,  mascovite-granites  with  garnets  being  not  uncommon. 

The  Chalk  Marl  differs  but  little  from  the  above  except  in  the 
large  amount  of  residue  it  contains : 

CaO  22*06—22*34  \ 

CO  17^^17*66  1  Composition  of  residne  as  above. 

Residue       60*00— 61 '14  ) 

Had  we  been  aware  at  the  time  of  the  interesting  problems 
now  opening  up,  we  should  have  made  a  far  greater  collection  of 
specimens  of  Chalk  and  Chalk  Marl  than  is  at  present  at  our  dis- 
posal,  but  Messrs.  Winning  have  agreed  to  preserve  specimens  of  the 
varieties  of  Chalk  they  may  henceforth  obtain  from  their  borings, 
and  if  they  should  carry  out  their  promise,  great  hopes  may  be 
entertained  of  considerably  advancing  our  knowledge  on  these 
subjects. 

As  it  is,  we  have  brought  with  us  examples  of  the  Bielgorod  soft 
White  Chalk,  the  Kharkoff  ditto  (500  ft  from  surface)  Chalk  Marl 
from  Bielaia  (800  feet  down)  and  Chalk  from  Sviati  (xori.  Also  a 
few  specimens  from  the  Kharkoff  bore,  which  have  not  been  lal)elled 
as  to  depth.  These  may  serve  as  types,  but  will  not  be  sufficient 
for  the  establishment  of  any  broad  generalization. 


n. — Did  the   Mammoth  Live   Bsfobe,   During,  ob  After  the 

Deposition  op  the  Drift. 

By  Sir  Henry  H.  Howorth,  K.C.S.I.,  M.P.,  F.G.S.,  etc. 
{Continued  from  page  258,  Vol.  IX.  June,  1892.) 

HAYING  sifted  the  evidence  in  so  far  as  it  is  available  in 
Scotland  and  the  North  of  England,  we  will  now  advanoe 
further  south ;  and  first  in  regard  to  the  Eastern  Counties.  Here 
as  elsewhere  it  is  unfortunate  that  we  so  very  seldom  can  find  the 
beds  upon  which  the  solution  of  the  problem  depends  in  actual 
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contact  BO  as  to  apply  the  only  real  test,  namely,  that  of  super- 
position. When  we  can  do  so,  it  seems  to  me  tiie  case  is  oon- 
clusiYe. 

In  Mr.  Jukes-Browne's  Surrey  Memoir  on  the  eastern  part  of 
the  county  of  Lincolnshire,  there  is  only  one  section  given  in  which 
the  Pleistocene  Mammals  occur,  namely,  at  Burgh.  Here  remains 
of  £7.  an/tgutM,  £.  lefpiorhi'ww  and  Bot  primigeniua,  or  of  Bison,  were 
found  in  gravel  underlying  3  to  6  feet  of  Boulder-clay  and  underlaid 
hy  a  black  turfy  bed  and  by  marl  (op.  cit,  p.  86). 

At  Little  Bytham,  in  the  same  county,  Mr.  Skertchly  found 
Corhietda  fluminalia,  which  marks  the  same  horizon,  under  Boulder- 
clav. 

We  will  now  turn  to  East  Anglia.  Becent  discoveries  have  tended 
to  increase,  rather  than  to  solve,  the  difficulty  of  fixing  the  exact 
age  of  the  Forest  Bed.  The  discovery  of  remains  of  the  Musk 
Sheep,  of  the  Hyaena,  the  Glutton,  all  animals  characteristic  of 
Pleistocene  times,  seems  to  suggest  either  that  the  Forest  Bed  has 
been  hitherto  ante-dated ;  or  that,  like  the  Norwich  Crag,  it  may 
consist  of  re-arranged  or  remaind  materials.  Whatever  view  may 
be  adopted,  there  can  be  little  doubt  now  that  the  Mammoth  occurs 
in  the  Forest  Bed.  Dr.  Leith  Adams,  writing  in  1881,  describes 
several  molars  found  in  it  by  Mr.  Savin,  which  he  unhesitatingly 
identifies  as  Mammoth,  and  he  adds :  "  I  can  have  no  hesitation  in 
admitting  the  Mammoth  among  the  pre-Olacial  mammals  of  the 
British  Isles"  (Pal.  Mem.  p.  174). 

This  last  clause  is  no  doubt  a  deduction  from  the  fact  that  the 
Forest  Bed,  as  exposed  at  Cromer,  underlies  the  whole  of  the  Drift 
deposits. 

Mr.  Austen,  writing  in  the  7th  volume  of  the  Q  J.G.S.,  speaks  of 
the  beds  of  terrestrial  origin,  t.e.  of  the  land  surface  exposed  at 
Emiton  and  Mundesley,  and  says  the  Mammcdian  remains  found  in 
the  overlying  Till  have  in  every  instance  been  derived  from  portions 
of  the  expanse  of  that  former  terrestrial  surface  (op.  cit,  p.  133). 

Again,  Professor  Dawkins  tells  me  one  of  Mr.  Gunn's  Elephant 
teeth  from  the  Norfolk  coast  was  striated  and  rubbed  as  if  by  glacial 
action. 

It  is  in  Suffolk,  however,  not  in  Norfolk,  that  the  most  interesting 
and  critical  test  case  is  supposed  to  have  been  forthcoming,  namely, 
the  classical  section  at  Hoxne  first  described  by  Prof.  Prestwich  in 
1859,  and  which,  for  a  long  time,  was  accepted  as  conclusive,  and  is 
still  the  basis  of  the  orthodox  geological  opinion  about  the  age  of 
palaeolithic  man.  It  seems  to  me  that  the  conclusions  based  upon 
this  particular  instance  will  have  to  be  surrendered.  In  the  first 
place  the  sections  given  by  Prof.  Prestwich  are  most  uncertain  in 
their  reading.  Thus  in  the  first  and  most  important  section  no  bed 
of  Boulder-clay  is  given  at  all.  In  the  section  of  the  pit  in  which 
flint  implements  and  Mammalian  remains  were  actually  found,  aU 
the  beds  contain  fresh- water  shells  or  peat,  or  Mammalian  bones, 
and  there  is  no  trace  of  drift  at  all  (see  Phil.  Trans,  vol.  150, 
p.  305). 
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Feet 

1  to  2  a.  Surface  soil,  traces  of  sand  and  grareL 
10  to  12  ^.  Brown  and  greyish  clay,  not  OBdcareons,  nsed  for  brick-eartii,  wiA  in 
irregular  central  carbonaceous  or  peaty  seam.     Two  flint  implementi 
found  in  this  seam  the  preTions  winter. 
}  to  1  ff.  Tellow  rectangular  flint  giarel  with  some  chalk  pebbles  and  pebbleB  of 
siliceous  sandstone  quartz,  and  other  older  rocks.    Bones  of  Mammalia. 
3  to  Ad,  Bluish  and  grey  calcareous  day  in  places  yery  P^^ty,  with  wood  and 
Tegetable  remains,  land  and  fresh-water  shells.    JBones  of  Mammalia. 
1  to  l\e.  Grarel  like  ^,  but  smaller  and  more  worn,  with  more  chalk  pebbles. 

/.  Calcareous  grey  clay  more  or  less  peaty,  with  fresh-water  shells.  Mr. 
Prestwich  says  he  made  a  boring  in  this  clay  17  feet  deep  without 
reaching  bottom. 

It  is  true  that  Mr.  Prestwich  and  Sir  J.  Evans  had  some  trencbes 
dug  in  other  parts  of  the  field  which  showed  the  white  and  oofareoos 
sands  and  gravels  to  be  underlaid  by  a  grey  olay,  but  I  altogether 
demur  to  treating  this  clay  as  boulder-clay.  It  seems  to  me  to 
answer  to  the  clay  marked  /  in  the  big  section  in  the  pit  At  a 
distance-  of  150  yards  from  this  pit  is  another  pit  where  Boulder- 
clay  is  dug,  and  here  we  are  expressly  told  that  no  other  beds  were 
exposed  {id.  p.  307).  Mr.  Prestwich  himself  oalls  attention  to  the 
unsatisfactory  character  of  the  evidence  (id,).  The  Boalder-olay  caps 
all  the  hills  around.  Its  very  uneven  base  rests  on  white  and  yellow 
sands  and  gravel. 

In  1876  Mr.  Belt  wrote  an  elaborate  paper  in  the  Quarterly 
Journal  of  Science,  giving  many  sections  of  the  ground  at  Hoxne, 
in  which  he  sharply  contested  Professor  Prestwich's  oondusions, 
and  avowed  his  opinion  that  the  facts  prove  the  implement-bearing 
gravel  there  to  underlie  and  not  overlie  the  Boulder-clay. 

Lastly,  let  me  quote  ray  friend  Mr.  H.  B.  Woodward.  In  a  paper 
read  before  the  Norwich  Geol  Soc.  he  says :  Mr.  Belt  recorded  traces 
of  Chalky  Boulder-clay  on  the  Hoxne  beds,  and  my  oolleague  Mr. 
Reid  and  myself  stibsequenily  observed  two  tiny  traces  of  this  Boulder- 
clay  on  the  brick-earth  in  the  pit  in  the  park  (Proo.  Norwich  G^ol. 
Soc.  pt.  ii.  p.  62).  It  having  been  suggested  that  these  pockets  of 
Boulder-clay  were  brought  into  their  position  by  man,  Mr.  Reid 
writes  **  they  seemed  to  have  been  there  for  a  long  while,  for  they 
were  grassed  over,  and,  if  I  remember  rightly,  an  oak  tree  was 
growing  on  one  of  them  (Mems.  Geol.  Surv.  50  N.S.  p.  30). 

It  is  clear  therefore  that  when  analyzed,  the  case  so  often  quoted, 
and  upon  which  such  a  stupendous  induction  has  been  based,  utterly 
breaks  down,  and  that  the  evidence  there,  if  it  points  a  moral 
at  all,  points  to  the  actucd  reverse  of  the  one  mcdntained  by  so  many 
geologists. 

Let  us,  however,  proceed  further,  and  in  the  first  place  turn  to 
another  district  in  Suffolk,  namely,  the  neighbourhood  of  Brandon. 

Mr.  Skertchly  affirms  positively,  in  one  of  the  volumes  of  the 
Mems.  of  the  Geol.  Survey,  that  Early  Palseolithio  remains  are 
found  there  in  a  series  of  loams,  sands,  and  gravels  overlaid  hy 
chalky  Boulder-clay,  "  To  this  series,"  he  says,  **  I  have  given  the 
name  of  the  Brandon  beds.  They  are  very  fragmentary,  but  seem 
to  occur  pretty  nearly  all  over  East  Anglia  wherever  the  chalky 
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Boulder-clay  extends,  alwajs  cropping  out  at  or  close  to  its  base^ 
and  never  in  a  single  instance  occurring  away  from  it.  This 
remarkable  association  is  only  explicable  on  the  supposition  that  the 
Brandon  beds  are  older  than  the  chalky  Boulder-day,  and  indeed 
that  clay  can  be  actually  seen  lying  thick  upon  them,  and  often 
contorting  them,  sometimes  for  a  mile  at  a  stretch.  Up  to  the 
present  time  they  have  yielded  implements  or  flakes  at  Botany  Bay 
(near  Brandon),  Mildenhall  brickyard,  High  Lodge,  Mildenhall, 
Bury  St.  Edmunds,  West  Stow,  and  Culford.  The  first  discovery 
was  at  Botany  Bay,  and  at  the  time  no  Boulder-clay  was  visible  at 
the  precise  spot,  but  it  has  since  been  met  with,  and  I  had  the 
pleasure  of  the  experience  of  Mr.  Amund  Holland  when  this  fact 
was  made  clear.  At  Mildenhall  brickyard  and  High  Lodge  good 
thick  chalky  Boulder-clay  overlies  the  Brandon  beds,  whence  many 
implements  have  been  obtained,  and  at  Culford,  whence  I  dug  out 
a  good  flake,  in  company  witli  Mr.  F.  J.  Bennett,  the  Brandon 
beds  are  worked  under  15  feet  of  chalky  Boulder-clay,  and  can  be 
traced  beneath  that  deposit  for  the  distance  of  a  mile  to  the  east* 
ward  "  (Age  of  Palsdolithic  Man,  pp.  67-69). 

I  ought  to  say  that  on  a  copy  of  this  Memoir  in  the  Jermyn 
Street  Museum  there  is,  in  the  handwriting  of  Professor  Bamsay, 
the  following  note  attached  to  a  section :  ^*  Pit  beneath  Boulder-day, 
opened  for  some  years,  and  dug  into  again  in  1878,  where  the  flint 
implements  were  found,  sent  to  the  Museum  by  Mr.  J.  G.  May- 
nard  of  Brandon  "  {id,  p.  68). 

In  regard  to  the  beds  at  Mildenhall,  where  Mr.  Skertchly  found 
his  Palseolithic  implements,  Mr.  H.  B.  Woodward,  who  has  examined 
the  locality  carefully,  says :    **  There  was  brick-earth  overlaid  by 

Boulder-day There   was  no  escape  from  the  conclusion 

that  the  brick-earth  was  older  than  the  Boulder-clay.  This  bed  of 
brick-earth,  and  other  beds  of  brick-earth  near  Thetford,  interested 
me  much,  for  I  had  come  across  similar  beds  near  Norwich,  which 
were  older  than  the  Boulder-clay.  Sir  A.  C.  Eamsay,  Mr.  Bristow, 
Mr.  Whitaker,  and  others,  have  now  seen  the  sections  described  by 
Mr.  Skertchly,  and  have  agreed  with  him  that  the  brick-earth,  said 
to  contain  Palasolithic  implements,  is  older  than  the  Boulder-clay  " 
(Proceedings  Geologists  Association,  vol.  ix.  number  i.). 

Speaking  of  the  gravels  at  Ipswich  in  which  Mammalian  remains 
have  occurred,  Mr.  Whitaker  refers  to  the  difficulty  of  classifying 
the  gravel  and  in  dividing  it  from  the  like  deposit  of  glacial  age 
against  which  it  ends  off.  He  also  speaks  of  the  Boulder-clay  having 
heen  found  at  the  surface  in  the  town  itself  (Geology  of  Ipswich,  eta, 
p.  93). 

Elsewhere  he  writes  of  finding  pieces  of  bone  or  of  Elephant's 
tusk,  with  shells,  in  a  low  clifl'  of  buff  sand  and  loam  lying  directly 
on  London  Clay  (id.  p.  95). 

The  horizon  of  the  famous  Mammalian  deposit  at  Barrington  in 
Cambridgeshire  has  been  much  discussed  and  it  has  been  very  dog- 
matically stated  on  more  than  one  occasion  that  the  beds  are  post- 
Qlacial,  meaning  posterior  to  the  deposition  of  the  drifts.     I  cannot 
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see  any  evidence  in  this.  The  sections  clearly  show  that  the  bone 
beds  are  overlain  by  trail  as  Mr.  Irving  himself  admits  (QJ.6.S. 
vol.  XXXV.  p.  670),  and  they  rest  on  the  Oreensand  and  Chalk-marL 

In  the  adjoining  County  of  Bedford  I  know  of  no  direct  evidence 
of  super-position,  but  inasmuch  as  a  great  deal  has  been  made  of 
such  evidence  as  is  there  forthcoming  by  the  advocates  of  the  bo- 
called  post-Glacial  date  of  the  Mammoth  and  Palaeolithic  Man,  it 
may  be  well  to  devote  a  few  words  to  them  and  especially  to  tha 
section  at  Biddenham. 

Mr.  Prestwich  has  given  an  admirable  section  of  the  deposits  in 
the  valley  of  the  Ouse  at  this  point  (Q.J.G.S.  vol.  xviL  p.  364). 
From  this  section  it  seems  that  the  valley  of  the  Ouse  has  been  scooped 
out  of  the  Oolitic  rocks  known  as  Combrash.  In  the  lowest  portion 
of  the  trough  so  created  runs  the  river  Ouse,  which  has  deposited  a 
certain  amount  of  alluvium  along  its  course.  On  a  higher  level  in 
the  valley  is  the  bed  of  gravel  in  which  the  flint  implements  were 
found.  Lastly,  the  bounding  heights  of  the  valley  on  each  side  are 
capped  with  Boulder-clay,  which  stretches  for  miles  in  all  directionB 
(Lyell,  op,  cit).  The  theory  generally  adopted  is  that  the  Boulder* 
clay  was  once  continuous  across  the  valley,  and  that  the  valley  has 
been  scooped  out  of  it.  This  is  the  view  of  Mr.  Prestwich, 
Sir  J.  Evans,  Sir  Charles  Lyell,  etc.,  etc. 

One  thing  is  clear,  if  the  Boulder-clay  once  occupied  the  valley  in 
this  way  the  scooping  out  must  have  been  most  complete,  and  the 
floor  of  the  valley  laid  bare  ;  for  as  Sir  Charles  Lyell  expressly  tells 
us  the  two  implements  first  found  in  the  gravel  were  found  **  at  the 
depth  of  13  feet  from  the  surface  and  rested  immediately  on  solid 
beds  of  Oolitic  limestone,"  and  so  he  reprints  it  in  his  section.  At 
this  point,  then,  the  evidence  is  plain  that  there  is  no  superposition 
of  the  flint-bearing  beds  on  the  Glacial  clay.  The  former  lie  directly 
on  the  floor  of  the  valley,  and  such  evidence  as  is  forthcoming  at 
this  point  is  of  an  essentially  secondary  and  deductive  character 
and  certainly  does  not  warrant  the  assertion  of  Sir  Charles  Lyell, 
that  the  Bedford  sections  teach  us  that  the  fabricators  of  the  antique 
tools  and  the  extinct  Mammalia  coeval  with  them  were  post-Glacial 
(id.  p.  217).  But  let  us  proceed  somewhat  further.  In  1866  Mr. 
Flower  described  the  discovery  of  flint  implements,  at  Thetford,  on 
the  Ouse.  lliese  he  tells  us  were  obtained  from  12  to  15  feet  below 
the  surface  and  toiihin  a  foot  or  less  of  the  Chalk  on  tohich  ike  gravel 
rests  ;  and  some  were  found  in  some  gravel  filling  potholes  in  the  Chalk 
(Quart.  Joum.  Geol.  Soc.  vol.  xxii.  p.  567).  Here  the  evidence 
carries  our  case  still  further,  for  not  only  does  the  gravel  lie  imme- 
diately on  the  solid  rock,  but  also  in  the  potholes;  so  that  the 
sweeping  out  of  the  Boulder-clay  must  have  indeed  been  complete 
and  profound.  Let  us  turn  to  another  site  in  the  same  valley, 
namely,  at  Summerbouse  Hill,  where  Mr.  Wyatt  found  flint  imple- 
ments which  had  come  from  beds  containing  a  similar  assortment  of 
Mammalian  bones  and  land  and  freshwater  shells  to  those  found 
nearer  Bedford.  He  gives  an  admirable  section  across  the  valley  at 
this  point  showing  a  state  of  things  precisely  the  same  as  in  the 
Bitea  already  referred  to  (Quart.  Joum.  GeoL  Soa  vol.  xx.  p.  185). 
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The  Boulder-clay  caps  the  ridges  of  Navesden  and  Hammer  Hill, 
bounding  the  valley  on  either  side;  bnt  within  the  valley  itself, 
inclading  the  elevation  of  Summerhouse  Hill,  there  is  no  glacial 
depoBit^  That  Hill  divides  the  valley  into  two  troughs,  in  each  of 
whioh  the  drift  gravels  with  Mammalian  bones  and  shells  are  found, 
and  in  each  these  gravels  repose  on  the  Oxford  Clay  and  that  on  the 
Liraeatone  of  the  Middle  Oolite. 

I  am  further  bound  to  say  that  in  Mr.  Wyatt*s  section,  published 
in  the  Geologist  for  1861,  page  243,  and  again  by  Mr.  Prestwloh 
in  the  Q.J.Q.S.  vol.  xvii.  p.  364,  the  Mammal  and  Implement  bed 
at  Biddenham  appears  to  be  overlain  by  drift 

Turning  from  Bedfordshire  the  only  discovery  of  interest  in 
Oentnil  England  in  the  present  discussion  was  made  in  Hertfordshire. 
Professor  Prestwich,  writing  in  1858,  says:  ''A  ballast  pit  has 
recently  been  opened  at  the  Watford  end  of  the  Brioket  Wood 
eatting,  and  immediately  south  of  the  line,  which  exposes  a  section 
of  much  interest  The  Boulder-clay  has  there  almost  thinned  out, 
leaving  but  a  seam  one  or  two  feet  thick,  whilst  above  and  below  it 
is  a  thick  bed  of  gravel.  .  .  .  The  lower  gravel  I  believe  to  pasa 
under  the  Bonlder-day.  ...  In  the  ballast  pit  I  was  fortunate 
enough  to  discover  in  the  lower  gravel  a  few  pieces  of  the  tooth 
and  tusk  of  the  Elephant.  .  .  .  The  lower  gravel  reposes  upon  an 
irregular  surface  of  chalk  (Geologist,  1868,  p.  242). 
Let  us  now  turn  to  the  Welsh  caves. 

Dr.  Buokland  says  that  in  1836  he  found,  on  the  property  of 
Mr.  Lloyd  near  Cefn  Gave,  fragments  of  marine  shells  associated 
with  the  usual  detritus,  and  inferred  from  the  fact  of  Mr.  Trimmer 
and  Dr.  Soouler  having  discovered  recent  marine  shells  and  drifted 
pebbles  over  the  bones  in  the  cave,  and  from  the  admixture  of  the 
bonee  of  mammifers  with  diluvium  in  Kirkdale,  Torquay,  and  other 
caverns,  either  that  these  caves  were  submerged  subsequently  to 
their  having  been  inhabited  and  again  raised  above  the  level  of  the 
sea,  or  that  vast  irruptions  of  water,  apparently  loaded  with  icebergs, 
had  overwhelmed  the  country  (Proc.  Geol.  Soc.  vol  iii.  p.  584). 

Making  allowance  for  the  geological  language  which  then  pre- 
vailed, this  means  that  so  far  back  as  1836  Dr.  Buckland  had  affiimed 
that  the  Mammalian  bed  in  the  Cefn  Cave  was  overlain  by  drift. 

Mr.  D.  Mackintosh,  in  speaking  of  the  Cefn  and  Pont  Newydd 
Caves,  refers  to  the  clay  in  the  cavern  as  containing  angular  and 
subangular  fragments  of  limestone,  a  few  polished  fragments  and 
pebbles  of  limestone,  and  a  few  pebbles  of  Denbighshire  sandstone 
and  grit,  felstone,  etc.,  and  he  says :  *'  It  is  horizontally  continuous 
with  the  Upper  Boulder-day  of  the  district.  The  clay,  he  says, 
can  be  traced  along  the  plain  of  Lancashire  and  Cheshire,  the 
coast  of  Flintshire,  and  up  the  Vale  of  Clwyd.  It  spreads  over 
the  gently  rising  ground  between  St  Asaph  and  the  Cefn  and  Pont 
Newydd  Caves,  and  it  may  be  seen  all  round  the  caves,  in  some 
places  filling  up  hollows,  in  others  covering  plateaux,  and  in  not 
a  few  instances  dinging  to  the  face  of  steep  slopes,  or  even  ad- 
liering  to  narrow  rock  terraces  or  ledges.     I  have  been  famvU^t 
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with  this  olay  in  Cheshire  and  Flintshire  for  four  years,  and  have 
therefore  little  hesitation  in  asserting  that  traces  of  it,  in  an  un- 
modified state,  may  be  found  at  the  entrances  of  both  the  Pont 
Newydd  and  Cefn  Caves,  that  in  the  interior  of  the  Cefn  Cave,  for 
a  considerable  distance  from  the  entrance,  there  are  indications  of 
this  clay  once  having  filled  the  cave  nearly,  if  not  quite,  to  the 
roof,  that  in  the  interior  of  the  Pont  Newydd  Cave  it  maintains  its 
unmodified  character  for  a  considerable  distance  from  the  entrance, 
and  that  in  no  part  of  these  two  cases  has  this  clay  been  modified 
further  than  what  may  have  resulted  from  the  dropping  of  cal- 
careous matter,  from  the  temporary  pounding  back  of  water  in  the 
recesses  or  hollows,  or  from  accumulations  within  the  caves  under 
conditions  which  may  have  differed  from  those  without "  (Q.J.G.S* 
vol.  xxxii.  p.  92). 

Let  us  now  turn  to  another  case. 

The  Cae-Gwyn  Cave  has  acquired  a  great  notoriety  in  this  con- 
troversy. The  evidence  it  furnishes  seems  to  me  to  be  clear  and 
concluttive,  that  the  Paladolithic  remains  were  there  overlain  by 
glacial  deposits  at  135  feet  from  the  entrance.  As  early  as  1885, 
sand,  like  true  marine  sand,  was  found  overlying  the  Bone-bed  and 
laminated  clays.  This  sand  was  examined  in  that  year  by  Professor 
Dawkins,  who  says,  ''I  have  carefully  compared  the  sand  and  gravel 
found  in  the  upper  cave  Cae-Gwyn  and  mud  sometimes  adhering  to 
the  bones  with  the  glacial  sand  and  gravel  which  occurs  in  the 
valley  a  little  way  above,  and  find  that  in  every  particular  they  agree. 
I  have  also  compared  them  with  the  glacial  sands  and  gravels  near 
St.  Asaph  and  find  that  all  three  are  composed  in  the  main  of  quartz, 
quartzites,  and  Silurian  fragments"  (Q.J.G.S.  vol.  xliv.  p.  662). 

In  1886  further  excavations  took  place,  and  a  section  was  exposed 
in  which  the  bone  earth  was  found  to  be  overlain  by  laminated  clay, 
sand,  and  gravel,  this  again  by  clay  with  boulders  and  bands  of 
sand  and  gravel  and  this  by  soil  (id,  p.  563).  The  various  sedi- 
ments in  the  cavern,  says  Dr.  Hicks,  retained  their  relative  sequence 
throughout  and  this  sequence  was  continued  uninterruptedly  from 
the  cavern  into  the  drift  section  on  the  outside  (id.  p.  566). 

In  this  reading  of  the  evidence.  Sir  A.  Geikie,  Mr.  De  Ranee, 
Mr.  Tiddeman  and  Mr.  C.  Reid  concurred.  Mr.  Morton  says :  In  June 
last  during  the  progress  of  the  excavation  in  front  of  the  original 
entrance  to  the  Cae-Gwyn  Cave  I  stayed  at  the  inn  close  by  for 
eleven  days.  From  the  first  time  I  saw  the  section  I  felt  convinced 
that  all  the  beds  were  strictly  in  situ  .  .  .  The  laminated  clay  had 
evidently  been  tranquilly  deposited  over  it  (the  bone  earth),  the  sand 
and  gravel  were  over  the  laminated  clay,  but  current- bedded  as  such 
so-called  *  Middle  sands '  often  are.  Finally,  the  Boulder-day  oc- 
curred over  the  sand  and  gravel  without  any  evidence  of  disturbance 
or  rearrangement  whatever.  ....  The  Boulder-clay  appeared  to 
me  as  good  an  example  of  undisturbed  clay  as  anywhere  in  the 
Vale  of  Clwyd,  Cheshire,  or  Lancafehire,  while  the  Erratics  are  very 
similar  ...  if  it  were  to  be  considered  post- Glacial  we  should  have 
no  Glacial  deposits  in  the  district  •  .  .  the  remains  of  Mammalia 
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found  in  the  l)one-eartb  were  evidently  deposited  in  the  cave  before 
the  deposition  of  the  Boulder-clay,  and  there  are  no  indications  of 
any  interglacial  period  between  it  and  a  dtill  earlier  period  of  land 
glaciation  {id.  pp.  571-2).  Dr.  Hicks  says,  "  The  recent  researches 
at  Cae-Gwyn  have  proved  most  conclusively  that  there  was  no 
foundation  for  the  views  of  those  who  contended  that  the  drift  which 
crossed  over  the  entrance  and  extended  into  the  cavern  was  remaine 
and  had  gradually  crept  down  the  hill.  They  have  shown  beyond 
the  possibility  of  doubt  that  the  deposits  which  overlie  the  true 
earth  are  tit  $iiu  and  are  identical  with  the  typical  Glacial  deposits 
of  the  area.  .  .  •  The  excavations  carried  on  in  1885, 1886  and  1887, 
show  that  the  caves  must  have  been  occupied  by  the  animals  before 
any  of  the  Glacial  deposits  now  found  there  had  accumulated  {id, 
p.  575).  Mr.  De  Ranee  writes,  June,  1886,  ''  the  entrance  to  the 
cavern  had  been  discovered  and  a  vertical  shaft  20  feet  deep,  dis- 
closed Boulder-day  resting  on  drift  sand  which  passed  continuously 
into  the  cavern  itself,  while  the  underlying  bone-earth  similarly 
passed  outside  the  cavern  and  formed  the  base  of  the  cutting  as  far 
as  it  was  carried.  In  June,  1887,  the  pit  in  the  drift  was  cut  still 
further  back,  the  bone-earth  still  continuing  to  form  the  base  of  the 
Glacial  drift"  {id.  p.  676).  " Mr.  Strahan  believed  that  the  drift  of 
the  mouth  of  the  cave  was  part  of  the  northern  drift  which  he  had 
mapped  over  a  large  part  of  Denbighshire,  Flintshire  and  Cheshire, 
and  that  the  bone-earth  lay  beneath  it"  {id.  p.  577). 

In  the  discussion  on  Prof.  Hughes'  paper  in  the  Q.J.G.S.  vol.  xliii. 
on  the  drifts  of  the  Vale  of  Clwyd,  Dr.  Hicks  said  the  Arenig  drift 
is  known  from  well-sinkings  to  be  underlain  by  sands  and  gravels 
like  those  at  Talargoch,  in  which  bones  of  animals,  similar  to  those 
found  in  the  caverns,  have  been  discovered.  He  said  further,  that 
he  was  perfectly  convinced  by  the  evidence  found  during  the  ex- 
ploration of  the  caves  of  Ffynnon  Beuno  and  Cae-Gwyn  that  they 
must  have  been  occupied  by  man  and  the  animals  before  the  climax 
of  the  Ice-age,  and  that  the  mammalian  remains  and  the  implements 
must  be  considered  as  of  pre-GIacial  age.  Professor  Dawkins  said 
that  after  examining  the  first  section  he  felt  obliged  to  accept  Dr. 
Hicks'  evidence.  The  drift  above  the  place  where  the  implements 
was  found  was,  in  his  opinion,  not  remaini  but  in  situ ;  with  regard 
to  the  mammalia  found  in  the  caves  of  the  Vale  of  Clw^d,  nearly  all 
were  living  in  the  eastern  counties  in  the  pre-Glacial  age"  {op.  cit. 
pp.  116-118). 

Prof.  Prestwich,  in  1887,  in  abandoning  his  earlier  view,  which 
was  against  the  existence  of  pre-Glacial  Man,  said  that  the  cave  work 
of  Mr.  Tiddeman  and  Dr.  Hicks  gives  strong  presumptive  evidence 
of  the  earlier  geological  appearance  of  Man  in  the  British  area ;  and 
he  saw  no  reason  to  doubt  the  sub-Boulder-clay  evidence  of  Mr. 
Skertchly.  Of  the  correctness  of  his  opinion  in  regard  to  the  strati- 
graphical  position  of  the  bed  in  which  his  specimen  was  found,  I 
have,  however,  little  doubt  (Q.J.G.S.  vol.  xliii.  p.  406-7).  In  the 
discussion  which  followed,  Mr.  De  Hance  said  he  quite  agreed  with 
Dr.  Hicks  in  his  interpretation  of  the  facts  observed  by  him  (td.  4.09V 
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Wye,  Mr.  Symonds  found  a  stratified  red  sand  and  silt,  3  or  4  feet 
thick,  containing  pebbles,  one  of  which  was  greenstone  ;  and  he  adds: 
'*  Every  one  of  those  pebl)}es  out  of  that  red  sandy  deposit  must  have 
l}een  derived  from  Silurian  and  Trap  rocks  which  are  not  to  be 
found  in  situ  until  after  we  have  traversed  the  long  tract  of  Old  Bed 
Sandstone  through  which  the  Wye  passes  between  Coppel  Wood 
Hill,  near  Ross  and  Trewerne,  above  Hay  or  Breconshire,  a  distance, 
by  the  river  of  70  or  80  miles"  (Geol.  Mao.  Vol.  VIII.  p.  436). 

The  evidence  of  this  cavern  therefore  completely  supports  that 
from  North  Wales. 

if  we  now  leave  the  area  where  true  Glacial  drift  is  supposed  to 
occur  and  enter  the  Thames  Valley,  the  evidence  seems  to  me  to  be 
equally  conclusive. 

In  the  Thames  Valley  Boulder-clay  is  not  found,  but  I  suppose 
it  is  generally  agreed  now  that  the  Trail  of  Mr.  Fisher  represents  it 
Now,  there  can  be  no  doubt  that  this  Trail  overlies  the  Mammalian 
and  Palaeolithic  gravels  of  the  Thames  Valley. 

Dr.  Falconer,  in  discussing,  in  1857,  the  deposits  at  Gray's 
Thurrock,  and  the  lower  beds  at  Brentford,  in  the  Thames  Valley, 
*'  inferred  that  they  were  of  an  earlier  age  than  any  part  of  the 
Boulderclay  or  Till "  (Q.J.G.S.,  vol.  xiv.  p.  83).  "  It  appears," 
says  Mr.  Symonds,  ''that  these  Thames  brick-earths  are  oovered  by  a 
Glacial  deposit  of  ice-borne  debris,  as  is  the  Forest  Bed  by  Boulder- 
clay "  (Geol.  Mag.  Vol.  V.  p.  420). 

Professor  Boyd  Dawkins,  in  his  paper  on  the  age  of  the  Lower 
Brick-earths  of  the  Thames  Valley  in  1867,  gives  a  section  from 
the  Uphill  Pit  at  Ilford,  in  which  the  famous  head  of  the  Mam- 
moth now  in  the  British  Museum  was  found.  The  bed  in  which 
it  occurred  was  covered  by  several  beds  of  loam,  clay,  gravel, 
and  sand,  of  one  of  which  Professor  Dawkins  says :  "  By  the  com- 
parison of  its  bedding,  the  admixture  of  clay  with  sand  and  gravel, 
and  the  presence  of  pebbles  of  chalk  and  of  large  transported 
boulders  of  grey  weathers  and  of  flint,  is  proved  beyond  doubt 
to  be  of  Glacial  origin — to  have  been  carried  down  by  the  ioe 
and  deposited  on  its  melting,  upon  the  eroded  top  of  the  fluvatile 
deposits  below."  In  regard  to  Mr.  Prestwich's  notion  that  the  bed 
was  partially  formed  from  gravel  derived  from  the  Boulder-clay, 
Mr.  Dawkins  says,  "a  careful  examination  compels  me  to  believe 
that  there  is  no  proof  of  the  derivation  of  this  Glacial  deposit  from 
the  wreck  of  the  Boulder-clay "  (Q.J.G.S.,  vol.  xxiii.  p.  93). 
Turning  to  Gray's  Thurrock,  he  argues  that  we  have  precisely  the 
same  superposition,  there  being  bed  numbered  6  on  the  section 
which  from  the  irregular  size  of  its  pebbles,  its  tabular  flints,  its 
contortions,  and  its  irregular  deposition,  owes  its  presence  to  ice  in 
some  form  or  other.  Its  sandy  nature  may  be  owing  to  the  Thanet 
sand  having  been  caught  up  by  the  ice  and  deposited  on  its  melting, 
just  as  the  clayey  nature  of  the  Trail  at  Ilford  was  probably  owing 
to  portions  of  the  London  Clay  being  in  like  manner  transported 
(id,  p.  95).  This  bed  was  distinctly  superimposed  on  the  gravel 
containing  Mammalian  bones.  At  Crayford  he  gives  a  section 
in  which  a  similar  bed,  number  7,  consisting  of   an   irx6galar 
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radish- sandy  contorted  stratum,  fnll  of  large  flints  both  angular 
and  water- worn,  and  of  quartz  pebbles,  and  confusedly  bedded,  is 
found  in  just  the  same  situation  as  the  drift  beds  above  named 
(t<2.  p.  96).  AtJErith,  Mr.  Dawkins  discusses  an  interesting  section, 
in  which  he  found  the  same  superposition ;  and  he  specially  remarks 
upon  the  presence  of  a  laige  block  of  black  clay,  with  its  angular 
shape  preserved,  which  had  been  transported  about  150  yards  and 
deposited  in  the  Trail,  and  says  of  it :  "  It  is  altogether  impossible 
that  this  angular  mass  of  clay  could  be  transported  more  than 
150  yards,  preserving  its  angularity,  and  deposited  in  such  a  matrix, 
by  any  other  agency  than  that  of  ice.  The  tract  here  was  highly 
contorted,  contrasting  much  with  the  horizontal  beds  below  it" 
(id.  p.  98).  He  concludes  that  the  beds  at  the  several  points 
described  are  contemporary,  and  that  they  establish  that  after  the 
temperate  conditions  marked  by  the  Mammalian  remains,  they  were 
followed  by  a  period  of  intense  cold,  in  whicU  stones,  sand,  clay, 
and  indeed  whatever  came  within  the  reach  of  the  ice  in  the 
neighbourhood,  was  caught  up  and  deposited  in  a  most  confused 
jumble  on  its  melting  (t^.  p.  99) ;  and  in  summing  up  the  case  he 
puts  the  Lower  Brick-earths  of  the  Thames  Valley  distinctly  below 
the  Glacial  beds  (id.  p.  109). 

In  discussing  Mr.  Dawkins's  results,  Mr.  Marr,  in  the  Gcologioal 
Maoazinb,  suggests  that  the  beds  of  the  Thames  Valley  containing 
transported  materials  may  be  an  inland  extension  of  the  Boulder- 
clay  on  the  same  level  (op.  eit.  voL  iv.  p.  100). 

Lastly,  we  have  the  most  recent  discovery  of  all,  so  lately  dis- 
cussed before  the  Geological  Society  by  Dr.  Hicks,  where  an  old 
land  surface  containing  considerable  un weathered  remains  of  the 
Mammoth  was  found  in  the  heart  of  London  reposing  directly  on 
the  London  clay,  overlain  by  a  clay  containing  drift  from  Hertford- 
shire, and  filled  with  chalk,  which  Dr.  Hicks,  as  I  think,  most 
conclusively  correlates  with  the  chalky  Boulder-clay. 

I  have  now  examined  every  instance  known  to  me  where  it  is 
possible  to  test  by  superposition  the  question  of  the  relative  age  of 
the  Mammoth  beds  and  the  Drift  in  the  British  Isles,  and  I  claim 
to  have  shown  that,  as  tested  by  these  islands,  the  Mammoth  beds 
are  in  every  instance  overlain  by  the  Drift,  and  are  never  underlaid 
by  it.  I  propose  in  another  paper  to  consider  how  far  this  con- 
clusion is  supported  by  the  evidence  from  foreign  countries. 


IIL — On  Bapid  Elevation  of  Submerged  Lands  and  the  Possiblb 

Hesults. 

By  Ber.  £.  Hill. 
Late  Fellow  and  Tutor  of  St.  John's  College,  Cambridge. 

IT  is  not  impossible  that  readers  of  a  paper  lately  published  by 
our  venerated  senior  geologist  may  have  been  startled,  some  for 
one  reason  others  for  another  and  opposite.  On  reading  the  sugges- 
tions he  has  put  forward  as  to  the  results  from  rapid  elevations  over 
southern  England,  some  will  recoil  as  at  a  xeviv^  ot  Q^VdJi^x^'<^>sv 
msusbiDeij;  aome  on  the  other  hand  maj  \ia\i  tiEi<b  m^^n^vycL  ^\.  ^ 
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novel  and  most  potent  agency.  I  doubt  whether  either  Tiew  ii 
altogether  correct  or  defen8ible. 

In  the  paper  referred  to  (Q  J.G.S.  vol.  xlviii.  p.  332)  there  Ib  quoted 
a  discussion  by  Mr.  Hopkins  on  the  results  from  "  paroxysmal 
elevations  "  of  areas  at  the  bottom  of  the  sea.  The  writer,  however, 
says  that  be  himself  is  contemplating  "not  such  g^eat  dianges 
and  powerful  [resulting]  currents,"  but  still,  movements  of  this 
character  in  which  "  the  uplifl  was  rapid."  "  It  is  evident,"  be 
says,  ''  that  we  have  in  this  form  of  disturbance  an  engine  of 
enormous  power."  The  phenomena  called  the  'Kubble  Drift'  of 
southern  England,  he  suggests,  may  have  been  produced  by  currents 
of  water  pouring  ofif  from  areas  '*  rapidly  uplifted."  The  areas 
uplifted  are  to  be  variable  and  uneven  land-surfaces.  The  amounts, 
however,  of  uplift  are  not  indicated  clearly,  and  the  degrees  of 
rapidity  not  at  all.  What  amounts  of  elevation  are  contemplated, 
and  what  rates  would  be  regarded  as  '  rapid  *  ? 

Darwin  records  sudden  elevations  in  Chili  to  the  extent  of  ten 
feet  (Nat  Voyage,  chap.  xiv.).  Lyell  mentions  a  subsidence  reaching 
forty  feet;  but  the  area  was  small,  and  subsidence  is  a  much  simpler 
matter  than  elevation.  I  think  that  twenty  feet  may  be  regarded 
as  a  considerable  height  through  which  to  *  rapidly '  raise  even  a  few 
counties  along  the  coast  '  Kapidly '  it  must  be  remembered  is  a 
relative  word.  Light  is  rapid  compared  with  sound ;  its  velocity 
being  nearly  a  million  times  as  great  A  cannon  ball  is  also  rapid 
compared  with  a  snail :  if  a  snail's  pace  be  an  inch  per  minute  the 
one  is  also  about  a  million  times  the  other.  But  the  rates  of  elevation, 
so  far  as  I  know  them,  which  have  been  measured  in  Scandinavia 
and  elsewhere  are  such  that  to  change  them  into  the  pace  of 
such  a  snail  would  be  a  greater  multiplication  of  speed  than  that 
reijuired  to  make  the  snail  gallop  alongside  the  cannon  ball.  In 
an  old  jesting  problem  of  our  childhood,  a  snail  was  set  to  climb 
twenty  feet  of  wall  at  the  rate  of  two  feet  per  day.  Accelerate  his 
pace  so  that  in  six  hours  only  he  can  climb  the  whole  twenty  feet; 
to  increase  his  pace  into  that  of  a  cannon  ball  would  require  no 
greater  change  than  the  increase  that  would  lift  Scandinavia  through 
twenty  feet  in  six  hours.    Would  not  this  be  a  *  paroxysmal '  change  ? 

Again,  the  force  required  to  produce  such  elevation  would  be 
prodigious.  We  know,  indeed,  little  of  the  forces  at  work  under 
the  earth's  crust,  but  is  any  force  we  are  acquainted  with  able  to 
produce  a  perceptible  fraction  of  such  a  result?  Most  violent 
Japanese  earthquakes  exhaust  their  potency  in  vibrations  measured 
by  inches  or  by  less.  What  must  be  the  violence  which  could 
permanently  uplift  a  country  several  feet  I  Mr.  Whymper  saw 
Cotopaxi  eject  a  mass  of  ash  which  he  calculates  at  two  million  tons 
or  more.  This  enormous  mass  was  shot  up  to  a  height  of  20,000 
feet  in  a  single  minute.^  But  the  work  so  done  would  not  suffice  to 
uplift  the  mere  surface  soil  of  an  English  county  through  a  single 

'  Travels  among  the  Great  Andes  of  the  Equator,  p.  328.  I  am  not  sure  whether 
be  means  that  the  whole  operation  was  completed  in  a  minute.  If  not,  the  force  in 
action  was  less  than  I  am  assuming  it  to  bare  been. 
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yard.  Sappose  that  the  power  whioh  did  this  prodigioos  work 
within  one  minute,  instead  of  exhausting  itself  in  that  minute 
should  continue  with  unahated  violence  for  six  long  hours.  In 
those  six  hours  it  oould  have  uplifted  a  mass  of  rook,  in  depth  a 
mile,  under  the  surfiaoe  of  an  English  oounty,  through  less  than  a 
oonple  of  inches.  The  multiplications  to  obtain  an  adequate  force 
Are  not  quite  so  immense  as  those  required  for  the  rate,  but  might 
suffice  to  make  a  mouse  as  strong  as  an  elephant.  Besides,  here  we 
are  making  comparison  with  paroxysms.  The  mouse  is  itself  a 
mountain  in  labour.  Cotopaxi  in  eruption  must  be  magnified  by  a 
power  of  ten  thousand. 

No  such  force  then  would  be  capable  of  uplifting  southern  Eng- 
land through  several  feet  even  in  a  long  summer's  day.  Accordingly, 
we  seem  justified  in  regarding  an  elevation  of  twenty  feet  within 
six  hours  as  an  elevation  effected  with  very  great  rapidity  according 
to  any  reasonable  use  of  the  word.  Most,  indeed,  would- regard  such 
action  as  paroxysmal  and  catastrophic.  But,  whether  so  or  no,  there 
is  not  the  slightest  doubt  that  the  effects  produced  by  the  water  as 
poured  off  from  the  land  so  elevated  would  not  be  catastrophic.  Such 
effects  are  not  rare  but  common.  They  are  matters  of  daily  ex- 
perience. More  even  than  that,  they  may  be  seen  produced,  over  a 
large  area,  on  a  large  scale,  twice  in  every  day.  Twice  in  every 
day  for  hundreds  of  miles  cdong  our  coasts  the  level  of  the  land 
compared  with  the  sea  rises  some  twenty  feet  or  more  in  six  hours, 
and  twice  in  every  day  it  again  falls,  through  the  same  space  and 
in  the  same  time.  True,  this  is  due  to  alterations  in  the  sea  level, 
Xiot  in  the  land,  bat  as  far  aa  regards  the  flow  of  waters  off  from  or 
on  to  the  land  the  effects  must  be  precisely  the  same.  The  action  of 
waters  pouring  away  from  a  rising  land  can  be  seen,  can  be  studied, 
can  almost  be  experimented  upon,  twice  daily  in  the  Tides. 

The  tides  along  most  of  our  southern  and  western  coasts  give  us 
the  results  of  elevations  up  to  twenty  feet  or  more.  In  Jersey  we 
can  examine  elevations  up  to  thirty  feet ;  at  Chepstow  up  to  forty ; 
those  who  can  travel  as  far  as  the  Bay  of  Fundy  will  perhaps  be 
able  to  see  what  seventy  feet  could  do.  Thus,  on  the  one  hand,  the 
effects  of  the  supposed  exceptional  agency  would  not  be  exceptional, 
but  common  ordinary  effects ;  and  on  the  other  hand,  it  does  not 
seem  necessary  to  invoke  such  exceptional  agency  ;  for  if  the  effects 
be  produced  by  it,  then  the  daily  work  of  the  tides  is  capable  of 
producing  daily  the  same  sort  of  effects.  **  In  the  case  [considered 
in  the  paper]  the  area  of  elevation  consisted  of  a  variable  and  uneven 
land  surface,"  such  a  surface  as  is  alternately  covered  and  exposed 
in  the  archipelago  of  the  Channel  Islands.  **  Each  hill  or  group  of 
hills  formed  a  centre  for  the  diverging  currents,"  as  in  that 
archipelstgo  each  islet,  shoal,  or  group  of  rocks,  for  the  ebb  and  flow 
of  the  tide.  "  The  velocity  of  [these  currents]  would  further  vary 
according  to  the  varying  gradients  and  lengths  of  the  slopes,"  but 
much  more  according  to  the  conformations  of  the  subaqueous 
channels.  ''  Where  the  sediment  is  fine  we  may  conclude  that  the 
velocity  was  slow,  and  the  rise   which  gave  origin  to  it  small. 
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Where,  on  the  contrary,  the  materials  are  ooarae,  we  may  suppoil 
the  rise  to  have  been  more  rapid  and  the  velocity  of  the  oorreoi 
greater.  When,  again,  large  blooks  have  been  transported,  a  more 
energetio  movement  is  made  manifest"  What  rate  of  tide-rnn  is 
sufficient  to  move  about  "  large  blocks  "  ?  "  Some  indication  of  the 
duration  of  the  uplift  is  afforded  by  the  mass  of  material  moved,  and 
the  distance  traversed."  Comparison  with  observed  effects  of  tides 
seems  to  show  that  to  move  large  blocks  the  duration  most  be  veiy 
short  if  the  uplift  be  moderate,  or  the  uplift  extremely  great  if  tlie 
duration  be  moderate.  The  Tides  also  teach  that  high  speeds  sis 
generated  only  in  confined  channels.  The  water  pours  through  the 
twinge,  the  Kace  of  Aldemey,  the  GoiiHot  Pass,  or  the  Sound  of 
Xiihou ;  but  in  the  open  bay  of  St.  Aubin's  a  thirty  feet  fall  doei 
not  create  any  remarkably  strong  current  off  the  shore. 

There  are  two  classes  of  catastrophe  whose  effects  have  proliably 
magnified  our  ideas  as  to  the  potency  of  rapid  rises  or  fails.  When 
reservoirs  or  other  dams  burst,  as  in  the  St.  Gtervais  calamity  lately 
filling  the  newspapers ;  when  earthquake  waves  roll  in  on  to  the 
land,  as  after  the  Erakatao  eruption,  direful  disaster  has  been  wrou^t 
But  neither  oatastrophe  is  properly  comparable  with  the  cases  we 
have  been  considerinc:.  A  reservoir  is  usually  hundreds  of  feet 
above  the  sea-level.  If  its  dam  gives  way  the  water  flows  off  down 
this  distance :  the  results,  therefore,  are  analogous  to  what  would 
happen  if  the  land  were  elevated  these  hundreds  of  feet  ttutes* 
taneouily.  The  earthquake  wave,  too,  sweeps  up  the  shore  at  a  rata 
far  exceeding  what  we  can  call  '  rapid ' ;  it  rises  its  thirty  or  forty 
feet  in  a  few  seoonds.  Also  its  analogies  belong  to  the  case  of  a 
sinking,  not  of  an  uplifted,  land. 

We  accordingly  conclude  that  the  effects  of  '  Rapid '  emergence 
of  land  from  below  the  sea  will  not  differ  from  what  we  see 
happening  daily  between  high  water-mark  and  low,  unless  the 
rapidity  is  vastly  greater  than  twenty  or  thirty  feet  in  six  hours ; 
whilst  even  this  moderate  rapidity  far  transcends  the  powers  of  any 
agents  with  which  we  are  at  present  acquainted. 


rV. — The  So-called  Serpentines  of  the  Lletk. 
By  Cathebinb  A.  Baisin,  B.Sc. 

IN  the  south-west  of  the  Lleyn  peninsula,  the  country  inland  ii 
generally  covered  by  drift,  but  the  Survey  map  marks  some 
isolated  patches  of  rock  as  **  Serpentine."  When  I  first  visited  the 
district,  with  the  kind  encouragement  of  Professor  Bonney,  under 
whom  I  was  continuing  my  work  at  University  College,  I  made  a 
collection  of  these  so-called  "  Serpentines "  from  ten  different 
localities.  The  one  at  Forth  din  lleyn  had  been  shown  by 
Professor  Bonney  to  be  mainly  diabase,^  and  others  of  the  example! 
have  been  since  described  in  a  previous  number  of  this  Magazine 

^  On  the  Serpentine  and  associated  Eocks  of  Anglesey;  with  a  Note  on  tb0 
so-called  Serpentine  of  Forth  din  lleyn.  By  Prof.  T.  6.  Bonney,  Q.J.6.S.,  1881, 
.tol.  xxxTii  p.  48. 
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lind  elsewhere,'  btit  we  have  yet  no  complete  aocoont.  I  have, 
therefore,  attempted  to  give  a  short  summary,  as  preliminary  to 
some  discussion  of  the  distriot. 

In  fonr  of  the  exposures  the  rocks,  which  are  much  alike,  are 
recognised  as  diabase  by  Mr.  Harker.  Although  abstaining  from 
any  definite  opinion  of  their  geological  position,  he  notices  certain 
characters  in  describing  rocks,  which,  in  eastern  Carnarvonshire, 
are  shown  to  be  of  Bala  age.  Masses  from  near  Pwllheli  and  from 
other  parts  of  the  county  certainly  present  much  resemblance ;  and 
the  fonr  examples  which  I  am  considering  might  very  well  be 
intrusions  along  a  N.E.  to  S.W.  line,  roughly  in  the  direction  of  the 
strike  or  a  strike  fault.  Lithologically  they  consist  mainly  of  an 
ophitio  dolerite  undergoing  a  process  of  uralitisation,  but  the  bosses 
also  include  more  compact  varieties,  and  many  parts  of  the  rock 
exhibit  secondary  changes  due  to  crushing  or  development  of 
minerals  (often  epidote). 

1.  Trefgraig} — At  least  three  varieties  are  shown  in  the  quarry, 
(a)  An  ophitic  dolerite,  the  felspar  being  somewhat  decomposed, 
colourless  augite,  clear  and  well-preserved,  occurring  in  one  slide, 
in  another  a  pale  greenish  hornblende.  The  latter  mineral  includes 
fibrous  alteration,  products  and  added  growth,  which  sometimes 
surround  a  central  core  with  a  different  crystalline  orientation. 
Ilmenite  is  developed  in  the  usual  form  of  bars  like  sagenite. 
(6.)  A  finer-grained  microporphyritic  diabase.  Veins  which  occur 
in  the  slide  in  some  cases  cross  a  felspar  crystal,  cementing  it  with 
felspar.  A  structure  of  this  kind  is  attributed  by  Mr.  Harker  to 
infiltration  along  a  line  of  "  maximum  shearing  strain."  '  In  the 
Trefgraig  slide,  however,  the  felspar  of  the  vein,  containing  only 
very  minute  enclosures,  contrasts  sharply  with  the  more  decomposed 
substance  of  the  original  mineral.  Each  boundary  is  marked  by 
bending  of  the  crystal  planes,  and  we  should  expect  that  any 
infiltration  would  have  spread  beyond  this  line.  Again,  although 
other  parts  of  the  vein  are  filled  with  serpentinous  mineral,  it  seemS 
at  some  places  where  it  heals  up  broken  augite  to  consist  of  felspar, 
(c).  A  fine-grained  de vitrified  basalt  or  andesite,  which  contains  a 
few  slightly  larger  microliths  of  felspar  and  augite.  It  is  associated 
with  the  dolerite  first  described,  into  which  it  seems  to  intrude,  the 
larger  crystals  of  the  coarser  rock  being  apparently  snapped  and 
sometimes  crushed  along  the  boundary  line. 

Some  evidence  of  mechanical  disturbance  can  be  traced  in  the 
Trefgraig  mass,  and  one  specimen  from  near  the  edge  is  much 
crushed. 

2.  Hendrefor} — The  rock  appears  to  be  a  uralitic  diabase,  retaining 

^  Notes  on  the  Igneous  Rocks  of  Lleyn.  By  J.  Y.  Elsden,  1888,  Gbol.  Mao. 
Decade  III.  VoL  V.  p.  303.  The  Bala  yolcanic  Series  of  Carnanronshire  and 
Associated  Rocks.     By  A.  Harker,  1889,  Cambridge,  pp.  83,  86-88,  etc. 

2  The  Monian  system  of  Rocks.  Rer.  J.  F.  Blake,  Q.J.G.S.,  1888,  Tol.  xIIt. 
p.  531.     The  Bala  Volcanic  Series.     A.  Barker,  pp.  88,  87. 

3  The  Bala  Volcanic  Series  of  Camarronshire.  A.  Harker,  p.  26.  See  also 
4i.J.G.8.,  1889,  Tol.  xIt.  p.  263,  fig.  4. 

«  Mr»  J.  y.  Ekden,  loc,  eU.  p.  304.    Mr.  A.  Harker,  loe.  eit.  p.  87.  . 
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traoes  of  ophitio  structure,  some  of  the  hornblende  being  blaish-gpneeft 
and  very  dichroic  In  one  breociated  example,  granular  epidote  ii 
scattered  abundantly  over  the  slide,  replacing  crystals  and  forming 
veins. 

3.  Tyhen.^ — A  specimen  better  preserved  apparently  than  thou 
examined  by  Mr.  Elsden  consists  of  fairly  dear  felspar  and  aogite 
with  an  intimate  ophitic  structure,  and  contains  some  viridite  patchei 
marking  probably  another  pyroxenic  or  allied  mineral.  Ilmeaite 
and  pyrite  are  present  A  much  more  compact  rock  appears  to  be 
enclosed  within  this  fine  dolerite,  probably  intruding  into  it,  as  at 
Txefgraig  and  Methlan. 

4.  Methlan,* — A  diabase  or  ophitic  dolerite  with  some  altemtion 
products.  A  compact  dyke  (1^"  wide)  is  exposed  by  the  side  of 
the  road. 

Of  the  next  four  masses,  two  are  described  by  Mr.  Harker  ai 
including  decomposed  basalts.'  The  Careg  Fawr  crag  is  com- 
paratively small  and  uniform,  but  at  Forth  din  lleyn,  as  has  been 
shewn,  and  also  at  Careg,  a  more  complex  mass  occurs.  Some 
examples  from  the  latter  place,  like  a  specimen  from  near  Hendre 
uchaf,  show  more  pronounced  microlithic  development,  but  at  all 
the  localities  we  find  a  compact  i*ock  now  altered,  doubtless  onoe 
glassy  and  of  basic  or  fairly  basic  composition. 

5.  Forth  din  lleyn. — We  are  indebted  to  Professor  Bonney  for 
the  description  of  these  agglomerates  and  diabases,  and  for  an 
examination  which  proved  the  absence  of  serpentine  in  this  part  of 
the  Lleyn.*  He  described  the  rocks  on  the  eastern  coast'  of  the 
promontory,  and  noted  on  the  western  side  a  similar  diabase  cut  by 
amygdaloidal  doleritic  dykes,  doubtless,  as  suggested,  of  later  date.^ 
Certain  varieties  are  porphyritic,  containing  brighter  green  felspara 
within  a  dull  green  matrix.  The  ground  mass  in  two  rocks,' 
although  they  are  not  entirely  identical,  shows  under  the  microscope 
many  of  the  characters  which  occurred  in  certain  specimens 
described  by  Mr.  Elsden.''  In  one  slide,  epidote  not  only  replaces 
crystals,  but  small  rounded  amygdules  consist  partly  of  that  mineral, 
partly  of  viridite  and  of  calcite.  The  porphyritic  felspars  are 
decomposed  and  saussuritic,  often  averaging  ^"  in  length.  They 
form  one  point  of  likeness  between  these  rocks  and  a  specimen 
which  I  obtained  further  southward  in  the  Lleyn,  The  well  known 
Lam  bay  porphyry  also  bears  some  resemblance  in  the  character  of 

^  Mr.  J.  V.  Elsden,  loe.  eit.  p.  304.  Rev.  J.  F.  Blake,  loc.  eit.  p.  631.  Mr.  A. 
Harker,  loc.  eit.  p.  87. 

'  Mr.  J.  V.  Elsden,  loc.  eit.  p.  304.     Mr.  A.  Harker,  loc.  eit.  p.  87. 

*  Mr.  A.  Harker,  loc.  eit.  pp.  87,  88. 

*  Q.J.G.S.,  1881,  vol.  xxxvii.  pp.  48-50.    Prof.  T.  G.  Bonney. 

»  Q.J.G.S.,  1881,  vol.  xxxvii.  p.  60.  Prof.  T.  G.  Bonney.  Compare  also 
Q.J.G.S.  1888,  vol  xliv.  p.  461.  Mr.  A.  Harker.  The  Bala  Volcanic  Series  of 
Carnarvonshire.  Mr.  A.  Harker,  p.  Ill;  Geol.  Mao.  1880,  Vol.  VII.  p.  457. 
<Mr.  A.  S.  Heid. 

*  One  of  the  rocks  was  obtained  from  a  boss  on  the  grassy  slope  and  has  a  bright 
green  polished  surface  with  streaks  coloured  by  red  halmatite.  Sheep  are  continually 
rubbing  themselves  against  the  projecting  stone,  and  the  polishing  is  evidently  due  (d 
their  action.  .  ^  Mr.  J.  V.  Elsaen,  loc,  eit,  p.  308.. 
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its  ground  mass  and  of  certain  of  its  porphyritic  felspars,  although 
others  differ  somewhat  in  their  narrower  longer  shape.'  One  of  the 
Forth  din  Ueyn  examples  ooours  in  the  oliff  of  a  small  cove  beyond 
the  boat-house,  as  if  it  were  a  broad  dyke ;  and  a  tangle  of  rocks  on 
the  beach  suggests  that  the  porphyritic  greenstone  has  enclosed 
within  it  a  compact  diabase.  Even  in  this  case  the  intruding  mass 
need  not  be  of  much  later  date,  but  might  belong  to  the  same 
Tolcanio  period.  This  remark  also  applies  to  another  rook  at  Forth 
din  lleyn,  which  is  a  fairly  typical  basalt,  dark  purplish  or  black 
and  microcrystalline ;  it  appears  to  be  similar  to  a  mass  on  the 
beach  at  Forth  wen,  probably  a  dyke.  On  microscopic  examination 
the  latter  exhibits  lath-shaped  felspars,  much  magnetite  and  some 
viridite.     Further  examples  of  this  type  occur  to  the  south. 

A  junction  with  schists  is  mentioned  by  Mr.  Elsden,  but  I  could 
find  no  true  metamorphic  rocks.  Schistose  masses  occur,  the  exact 
nature  of  which,  in  many  cases,  is  extremely  doubtful,  but  I  have 
identified  among  them  rocks  of  igneous  origin.  One  slide  proves 
that  a  diabase  was  veined  by  calcite,  and  that  vein  stuff  and 
igneous  rock  were  crushed  together,  so  that  the  original  character 
is  masked ;  but  amygdaloids  and  microliths  of  the  ground-mass  can 
still  be  recognized. 

One  rock  of  interest  is  exposed  at  low  tide  on  the  face  of  the 
promontory  beyond  the  boat-house.  It  is  a  whiteish,  sub-crystalline 
limestone,  partly  a  breccia,  the  fragments  of  which  project  on  the 
weathered  fawn-coloured  surface.  The  microscope  slide  seems  to 
have  the  structure  of  limestone  rock,  apparently  dolomitised,  rather 
than  of  mineral  vein,  traversed,  however,  by  clearly  marked  secondary 
veins  of  calcite  and  of  quartz.  Some  rather  dusty  or  silicified  en- 
closures, which  occur,  seem  to  me  to  be  not  organic  but  of  igneous 
origin.  So  the  precipitation  of  the  calcareous  material  may  have 
been  contemporaneous  with  volcanic  eruptions. 

6.  Careg  Fawr  (South  of  Aberdaron). — Of  this  I  need  say  little,  as 
Mr.  Barker  has  fully  described  all  its  important  characteristics.' 
My  slides  do  not  happen  to  show  any  indications  of  a  perlitio 
structure,  but  exhibit  some  of  the  larger  cracks,  which  can  be  seen 
in  the  field  sometimes  limiting  spheroids.  The  crag  stands  squarely 
up  from  the  more  level  ground,  as  'Mr.  Barker  states,  like  an  in- 
trusive mass ;  but  it  need  not  therefore  belong  to  a  later  geologic 
period. 

7.  Careg  (North  of  Aberdaron). — At  this  place,  thick  veins  or 
masses  of  jasper  are  found,  and  limestone  also  occurs,  but  it  is  close 
to  a  small  outcrop  of  the  schistose  rocks  of  the  district  The  dull 
purplish  or  greenish  bosses  and  crags,  which  are  doubtless  those 
called  ''serpentine,"^  are  certainly  igneous,  apparently  rather  basic, 
and  some  originally  glassy  in  character.    At  places  spheroids  can  be 

^  I  am  much  indebted  to  Mr.  Thos.  Davies,  F.G.S.,  for  kindly  allowing  me  to  see 
slides  of  the  Lambaj  porphyry,  and  other  Irish  specimens,  in  the  collection  of  the 
Hineralogical  Department  at  the  British  Museum  of  Natural  History. 
.  *  Mr.  A.  Harker,  loe.  eit.jap.  87,  88. 

>  The  Geology  of  North  Wales.    Mem.  of  (}eol.  Surrey,  p.  230  (2nd  ed.) 
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recognized,  which  are  often  shiny  and  palagonitio  at  their  exterior. 
In  small  quarries  and  knolls  on  the  western  face  of  the  hill,  the 
rock  is  a  green  and  purplish  breccia.  Although  it  presents  some 
resemblance  to  an  agglomerate,  I  am  doubtful  whether  this  is  the 
true  explanation.  Many  of  the  purple  fragments  are  parts  of 
spheroids,  or  are  spheroids  which  are  fissured,  with  the  fine  greenish 
matrix  filling  the  interspaces.  The  microscope  slides  and  the  hsDcl 
specimens  prove  a  fluidal  structure,  certainly  within,  and  probably 
outside,  the  small  fragments,  which  even  include  some  ordinaiy 
brown  tachylite.  I  believe  that  a  second  movement  of  lava  took 
place  breaking  a  mass  partially  consolidated.  This  might  have 
occurred  within  the  pipe  or  neck  of  a  small  vent,  but  it  is  probable 
that  the  mass  represents,  at  least  in  part,  lava  which  flowed  at  the 
surface.  At  the  top  of  the  hill  the  rock  is  less  disturbed,  and  con- 
sists, as  shown  by  the  microscope,  of  lath-shaped  felspars  within 
a  matrix  containing  very  minute  augite,  magnetite,  and  other  in- 
cipient crystals.  Thus  we  find  at  Careg  gradations  from  taohylite 
to  a  micro-crystalline  condition. 

At  one  place  on  the  eastern  slope  above  the  house  is  a  green 
diabase  with  green  porphyritic  felspars.  Ilmenite  crystals  glisten 
on  the  surface,  and  the  slide  exhibits  the  characters  of  a  fine-grained 
dolerite,  with  decomposed  felspars,  very  fresh  white  aogite,  and  a 
constituent  now  green  and  serpentinised.  The  rock  is  doubtlea 
intrusive  and  may  be  of  later  age. 

8.  West  of  Hendre-uehaf, — The  patch  of  rock  shown  on  the  word 
Cil  y  bwth  was  probably  exposed  in  a  quarry,  now  completely 
grassed  and  marked  only  by  a  curve  in  the  sloping  ground ;  and  the 
outcrop  near  Bachwen  I  also  failed  to  see. 

West  of  Hendre-uchaf  I  obtained  specimens  of  an  old  basalt  or 
diabase,  compact  in  structure,  with  patches  of  purple  and  greenish 
colour.  Microscopic  examination  shows  the  darker  part  to  consist 
of  lath-shaped  felspars  amid  a  black  deposit  of  magnetite.  The 
felspars  exhibit  a  somewhat  spherulitic  grouping  at  places  especially 
within  the  ferruginous  aggregates.  Small  porphyritic  crystals,  often 
fractured  or  incomplete,  slightly  dichroic,  yellow  in  colour,  now 
serpentinised,  are  probably  a  hydrous  ferro-magnesian  silicate.  A 
similar  mineral  forms  small  aeicular  or  shuttle-shaped  microliths.^ 

The  rocks  in  the  two  remaining  examples  are  clearly  clastic. 

9.  North  of  Braieh  anclwog. — (Annelog).  This  small  patch  is  a 
purple  and  green  agglomerate.  The  rocks  included,  as  seen  on 
examination  with  the  microscope,  are  basalt  or  andesite,  consisting 
chiefly  of  felspar  microliths,  with  more  or  less  viridite  or  magnetite* 
Pyrite  and  secondary  limonite  occur.  The  pieces  are  rounded  or 
sub- rounded,  separated  by  palagonite ;  and  calcite  is  deposited  both 
within  and  between  them.  In  the  small  qnarry,  the  fragments  aie 
of  no  very  great  size,  the  larger  being  about  six  or  seven  inches 
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0TO88.     There  is  apparently  no  stratification,  and  the  mode  of 
oourrence  seems  to  mark  this  as  a  small  voloanic  Tent. 

10.  North  of  Mfffiydd  arielwog. — (Annelog).  The  low  orag  near 
le  spring  consists  of  an  ash,  finer  than,  hut  of  very  similar 
laterials  to^  the  agglomerate  just  descrihed.  Fragments  of  andesiie 
r  hasalt  are  almost  identical  with  the  constituents  of  the  preceding 
pecimen,  and  those  of  green  viridite  might  be  derived  from  the 
ame  source,  while  occasionally  a  piece  of  scoria  occurs.  The 
ragmenta  as  seen  by  microscopic  examination  are  small,  with 
lightly  irregular  outline,  and  separated  by  strings  of  fine  dust. 

Thus  all  the  patches  of  <^  serpentine,"  except  the  two  mentioned, 
Ave  now  been  examined,  with  the  result  that  not  only  is  there  no 
erpentine  present  but  there  is  no  uniformity  in  their  character,  and 

shall  be  able  to  show  that  similar  rocks  occur  at  many  other  places 
a  the  neighbourhood.  Sometimes  these  **  serpentines  ^*  are  dolerites 
ir  compact  diabases  (andesites  or  basalts) ;  sometimes  they  are  true 
'olcanio  agglomerates.  Although,  in  many  cases,  they  are  not 
Qterbodded,  some  probably  represent  lava  flows,  or  an  ash  of 
ransported  fragments.  This  result,  therefore,  further  illustrates 
he  characters,  which  were  first  described  by  Professor  Bonney  from 
?orth  din  Ueyn.  His  paper  thus  gave  the  key-note  to  the  under- 
landing,  not  only  of  that  locality,  but  of  others.  The  question  of 
he  geological  age  of  these  masses  can  only  be  discussed  in 
tonnection  with  the  surrounding  district,  since  it  affords  additional, 
ixamples  of  similar  and  allied  rocks. 
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Lddress  to  the  Geological   Section  by  Pbopessob  C.  Lapwobth, 
LL.D.,  F.B.S.,  F.G.S.,  President  of  the  Section. 

It  has,  I  believe,  been  the  rule  for  the  man  who  has  been  honoured  by  election 
0  the  Chair  of  President  of  this  Geological  Section  of  the  British  Association  to 
ddress  its  members  upon  the  recent  advances  made  in  that  branch  of  geology  in 
rhich  he  has  himself  been  most  immediately  interested.  It  is  not  my  intention 
pon  the  present  occasion  to  depart  from  this  time-honoured  custom  ;  for  it  has 
oth  the  merit  of  simplicity  and  the  advantage  of  utility  to  recommend  it.  In 
his  way  each  branch  of  our  science,  as  it  becomes  in  turn  represented,  not  only 
abmits  to  the  workers  in  other  departments  a  report  of  its  own  progress,  but 
resents  by  implication  a  broad  sketch  of  the  entire  geological  landscape,  seen 
arough  the  coloured  glasses,  it  may  be,  of  divisional  prejudice,  but  at  any  rate 
istructive  and  corrective  to  the  workers  in  other  departments,  as  being  taken 
'om  what  is  to  them  a  novel  and  an  unfamiliar  point  of  view. 

Now  every  tyro  in  geology  is  well  aware  of  the  fact  that  the  very  backbone  of 
eological  science  is  constituted  by  what  is  known  as  stratigraphical  geology,  or 
be  study  of  the  geological  formations.  These  formations,  stratified  and 
Jistratified,  build  up  ail  that  part  of  the  visible  earth-crust  which  is  accessible  to 
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the  investigator.  Their  outcropping  edges  constitute  the  solid  framework,  ihl 
surface  of  which  forms  the  physical  geography  of  the  lands  of  the  present  day,  and 
their  internal  characters  and  inter-relationships  aflbrd  as  our  only  clues  to  the 
physical  geographies  of  bygone  ages.  Within  them  lies  enshrined  all  that  we  may 
ever  hope  to  discover  of  the  history  and  the  development  of  the  habltaUe  worid  of 
the  past. 

These  formations  are  to  the  stratigraphical  geologist  what  species  are  to  the 
biologist,  or  what  the  heavenly  bodies  are  to  the  astronomer.  It  was  the  discovery 
of  these  formations  which  first  elevated  geology  to  the  rank  of  a  sdence.  In  the 
working  out  of  their  characters,  their  relationships,  their  development,  and  their 
origin,  geology  finds  its  means,  its  aims,  and  its  justification.  Whatever  fresh 
material  our  science  may  yield  to  man's  full  conception  of  nature,  organic  and 
inorganic,  must  of  necessity  be  grouped  around  these  special  and  peculiar  objects 
of  its  contemplation. 

When  the  great  Werner  first  taught  that  our  earth-crust  was  made  np  of 
superimposed  rock-sheets  or  formations  arranged  in  determinable  order,  the  valne 
of  his  conclusions  from  an  economic  point  of  view  soon  led  to  their  enthusiastic 
and  careful  study  ;  but  his  crude  theory  of  their  successive  precipitation  from  a 
universal  chaotic  ocean  disarmed  the  suspicions  of  the  many  until  the  £&cts 
themselves  had  gained  such  a  wide  acceptance  that  denial  was  no  longer  possible. 
But  when  the  greater  Scotchman,  Ilutton,  asserted  that  each  of  these  rock* 
formations  was  m  reality  nothing  more  nor  less  than  the  recemented  ruins  of  an 
earlier  world,  the  prejudices  of  mankind  at  large  were  loosed  at  a  single  stroke. 
Like  Galileo's  assertion  of  the  movement  of  the  globe,  this  demand^  such  an 
apparently  undignified  and  improbable  mode  of  creation  that  there  is  no  wonder 
that,  even  down  to  the  present  day,  there  still  exist  some  to  whom  this  is  a  hard 
spying,  to  be  taken,  if  taken  at  all,  in  homoeopathic  doses  and  with  undisguised 
reluctance. 

Hutton  as  regards  his  philosophy  was,  as  we  know,  far  in  advance  of  his  time. 
With  all  the  boldness  of  conviction  he  unflinchingly  followed  out  these  ideas  to 
their  legitimate  results.  He  claimed  that  as  the  stratified  formations  were 
composed  of  similar  materials --sands,  clays^  limestones,  and  muds — to  those  now 
being  laid  down  in  the  seas  around  our  present  coasts,  they  must,  like  them,  have 
been  the  products  of  ordinary  natural  agencies  of  rain,  rivers,  and  sea  waters, 
internal  heat  and  external  cold,  acting  precisely  as  they  act  now.  And,  further,  as 
these  formations  lie  one  below  the  other,  in  apparently  endless  downward 
succession,  and  all  formed  more  or  less  of  these  fragmentary  materials,  so  the 
present  order  of  natural  phenomena  must  have  existed  for  untold  ages.  Indeed,  to 
the  commencement  of  this  order  he  frankly  admits  *  I  see  no  trace  of  a  banning 
or  sign  of  an  end.' 

The  history  of  the  slow  acceptance  of  Hutton 's  doctrines,  even  among  geologists, 
is,  of  course,  perfectly  familiar  to  us  all.  William  Smith  reduced  the  disputed 
formations  to  order,  and  showed  that  not  only  was  each  composed  of  the  ruins  of 
a  vanished  land,  but  that  each  contained  in  its  fossils  the  proof  that  it  was 
deposited  in  a  vanished  sea  inhabited  by  a  special  life  creation.  Cuvier  followed, 
and  placed  it  beyond  question  that  the  fossilised  relics  of  these  departed  beings 
were  such  as  made  it  absolutely  unquestionable  that  these  creatures  might  well 
have  inhabited  the  earth  at  the  present  day.  Lyell  completed  the  cycle  by 
demonstrating  stage  by  stage  the  efficiency  of  present  natural  agencies  to  do  all  the 
work  required  for  the  degradation  and  rebuilding  of  the  formations.  Since  his  day 
the  students  of  stratigraphical  geology  have  universally  acknowledged  that  in  the 
study  of  present  geographical  causes  lies  the  key  to  the  geological  formations  and 
the  inorganic  world  of  the  past. 

In  this  way  the  road  was  paved  for  Darwin  and  the  doctrine  of  descent.  The 
aid  which  had  been  so  ungrudgingly  afforded  by  biology  to  geology  was  repaid  by 
one  of  the  noblest  presents  ever  made  by  one  science  to  another.  For  the  purposes 
of  geology,  the  science  of  biology  had  practically  completed  a  double  demon- 
stration :  first,  that  the  extinct  life  discernible  in  the  geological  formations  was 
linked  inseparably  with  the  organic  life  of  the  present ;  and,  second,  that  every 
fossil  recognised  by  the  geologist  was  the  relic  of  a  creature  that  might  well  have 
existed  upon  the  surface  of  the  earth  at  the  present  time.  Geology  repaid  its 
obligation  to  biology  by  the  still  greater  twofold  demonstration :  fijcst^  that  ia  ths 
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teoDomy  of  nature  the  most  insignificant  canses  are  competent  to  the  grandest 
eiects,  if  only  a  saffidenqr  of  time  be  granted  them ;  and,  second,  that  in  the 
geolo^cal  formations  we  have  the  evidences  of  the  actual  existence  of  those  mighty 
cons  in  which  such  work  might  be  done. 

The  doctrine  of  organic  evolution  would  always  have  remained  a  metaphjrsical 
dream  had  geology  not  given  the  time  in  which  the  evolution  could  be  accom- 
plished. The  ability  of  present  causes  to  bring  about  slow  and  cumulative  changes 
in  the  species  is,  to  all  intents  and  purposes,  a  biological  application  of  Hutton's 
ideas  with  respect  to  the  original  geological  formations.  Darwin  was  a  biological 
evolutionist,  because  he  was  first  a  uniformitarian  geologist.  Biology  is  pre- 
eminent to-day  among  the  natural  sciences,  because  its  younger  sister.  Geology, 
gave  it  the  means. 

But  the  inevitable  consequence  of  the  work  of  Darwin  and  his  colleagues  was 
that  the  centre  of  gravity,  so  to  speak,  of  popular  r^ard  and  public  controversy 
was  suddenly  shifted  from  stratigraphical  geology  to  biology.  Since  that  day 
stratigraphical  geology,  to  its  great  comfort  and  advantage,  has  gone  quietly  on  its 
way  unchallenged,  and  all  its  more  recent  results  have,  at  least  by  the  majority  of 
the  wonder-loving  public,  been  practically  ignored. 

Indeed,  to  the  outside  observer  it  would  seem  as  if  stratigraphical  geology  for 
the  last  thirty  years  had  been  practically  at  a  standstill  The  startling  discoveries 
and  speculations  of  the  brilliant  stratigraphists  of  the  end  of  the  last  century  and 
first  half  of  the  present  forced  the  geology  of  their  day  into  the  very  front  rank 
of  the  natural  sciences,  and  made  it  perhaps  the  most  conspicuous  of  them  all  in 
the  eyes  of  the  world  at  large.  Since  that  time,  however,  their  successors  have 
been  mainly  occupied  in  completing  the  work  of  the  great  pioneers.  The  strati- 
graphical geologists  themselves  have  been  almost  wholly  occupied  in  laying  down 
upon  our  maps  the  superficial  outlines  of  the  great  formations,  and  working  out 
their  inter- relationships  and  subdivisions.     At  the  present  day  the  young  strati- 

gaphical  student  soon  learns  that  all  the  limits  of  our  great  formations  have  been 
id  down  with  accuracy  and  clearness,  and  finds  but  little  to  add  to  the  accepted 
nomenclature  of  the  time. 

Our  palaeontologists  also  have  equally  busied  themselves  in  working  out  the 
rich  store  of  the  organic  remains  of  the  geological  formations,  and  the  youthful 
investigator  soon  discovers  that  almost  every  fossil  he  is  able  to  detect  in  the  field 
has  already  been  named,  figured,  and  described,  and  its  place  in  the  geological 
record  more  or  less  accurately  fixed. 

In  France,  in  Germany,  in  Norway,  Sweden,  and  elsewhere,  in  Canada  and  in 
the  United  States,  work  as  thorough  and  as  satisfactory  has  been  accomplished, 
and  the  local  development  of  the  great  stratified  formations  and  their  fossils  laid 
down  vnth  detail  and  clearness. 

Many  a  young  unfledged  but  aspiring  geologist  alive  to  these  facts,  and  con- 
trasting the  well-mapped  ground  of  the  present  time  with  the  virgin  lands  of  the 
days  of  the  great  pioneers,  finds  it  hard  to  stifle  a  feeling  of  keen  regret  that  there 
are  nowadays  no  new  geological  worlds  to  conquer,  no  new  systems  to  discover 
and  name,  and  no  strange  and  unexpected  faunas  to  unearth  and  bring  forth  to 
the  astonished  light  of  day.  The  youth  of  stratigraphical  geology,  with  all  its 
wonder  and  freshness,  seems  to  have  departed,  and  all  that  remains  is  to  accept, 
to  commemorate,  and  to  round  off  the  glorious  victories  of  the  dead  heroes  of 
our  science. 

But  to  the  patient  stratigraphical  veteran,  who  has  kept  his  eyes  open  to  dis- 
coveries new  and  old,  this  lull  in  the  war  of  geological  controversy  presents  itself 
rather  as  a  grateful  breathing  time  ;  the  more  grateful  as  he  sees  looming  rapidly 
up  in  front  the  vague  outlines  of  those  oncoming  problems  which  it  will  be  the 
duty  and  the  joy  of  the  rising  race  of  young  geologists  to  grapple  with  and  to 
conquer  as  their  fathers  met  and  vanquished  the  problems  of  the  past.  He  knows 
perfectly  well  that  Geology  is  yet  in  her  merest  youth,  and  that  to  justify  even 
her  very  existence  there  can  be  no  rest  until  the  whole  earth -crust  and  all  its 
phenomena,  past,  present,  and  to  come,  have  been  subjected  to  the  domain  of 
Imman  thought  and  comprehension.  There  can  be  no  more  finality  in  Geology 
than  in  any  other  science ;  the  discovery  of  to-day  is  merely  the  stepping-stone  to 
the  discovery  of  to-morrow  ;  the  living  theory  of  to-morrow  is  nourished  by  the 
relics  of  its  parent  theory  of  to-day. 
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Now  if  we  ask  what  are  these  formations  which  constitnte  the  objects  of  stvlf 
of  the  stratigraphical  geologist,  I  am  afiaid  that,  as  in  the  case  of  the  species  of  the 
biologist,  no  two  authorities  would  agree  in  framing  precisely  the  same  definition 
The  original  use  of  the  term  formation  was  of  necessity  lithological,  and  eiren  dov 
the  name  is  most  naturally  applied  to  any  great  sheet  of  rock  which  forms  a  com* 
ponent  member  of  the  earth-crust ;  whether  the  term  be  used  specifically  for  a 
thin  homogeneous  sheet  of  rock  like  the  Stonesfield  slate,  ranging  over  a  few  square 
miles  ;  or  generically  for  a  compound  sheet  of  rock,  like  the  Old  Red  SandstOM, 
many  thousands  of  feet  in  thickness,  but  whose  collective  lithological  characteris> 
tics  give  it  an  individuality  recognizable  over  the  breadth  of  an  entire  continciit 

When  Werner  originally  discovered  that  the  'formations'  of  Saxony  foUoved 
each  other  in  a  certain  recognizable  order,  a  second  characteristic  of  a  fonnition 
became  superposed  upon  the  original  lithological  conception — namely,  that  of 
determinate  *  relative  position.'  And  when  William  Smith  proved  that  each  of 
the  formations  of  the  English  Midlands  was  distinguished  by  an  assemblage  of 
organic  remains  peculiar  to  itself,  there  became  added  yet  a  third  criterion  --that 
of  the  possession  of  *  characteristic  fossils.' 

But  these  later  superposed  conceptions  of  time — succession  and  life-type— aie 
far  better  expressed  by  dividing  the  geological  formations  into  zoological  %ana,  od 
the  one  hand,  and  grouping  them  together,  on  the  other  hand,  into  chronological 
systems.  For  in  the  experience  of  every  geol(^st  he  finds  his  mind  instinctively 
harking  back  to  the  bare  lithological  application  of  the  word  *  formation,'  and  I 
do  not  see  that  any  real  advantage  is  gained  by  departing  firom  the  primitive  uie 
of  the  term. 

A  'zone,'  which  may  be  regarded  as  the  unit  of  zoological  succession,  is  marked 
by  the  presence  of  a  special  fossil,  and  may  include  one  or  many  subordinate 
formations.  A  system^  which  is,  broadly  speaking,  the  unit  of  geologiccU  time  or 
succession^  includes  many  'zones,' and  often,  but  not  always,  many  'formations.' 
A  formation,  which  is  the  unit  of  geologiccU  stratigraphy,  is  a  rock  sheet  composed 
of  many  strata  possessing  common  lithological  characters.  The  formation  may  be 
simple,  like  the  chalk,  or  compound,  like  the  New  Red  Sandstone,  but,  simple  or 
compound,  local  or  regional,  it  must  be  always  recognizable,  geographically  and 
geologically,  as  a  lithological  individual. 

As  regards  the  natural  grouping  of  these  lithological  individuals  as  such,  £ur 
progress  has  been  made  of  late  years,  and  our  information  is  growing  apace.  We 
know  that  there  are  at  any  rate  three  main  groups  :  1st.  The  stratified  formations 
due  to  the  action  of  moving  water  above  the  earth -crust.  2nd.  The  igneous 
formations  which  are  derived  from  below  the  earth-crust.  3rd.  The  metaroorj^ic 
formations  which  have  undergone  change  within  the  earth-crust  itself.  We  know 
also  that  of  these  three  the  only  group  which  has  hitherto  proved  itself  available  for 
the  purpose  of  reading  the  past  history  of  the  globe  is  that  of  the  stratified  formations. 

Studying  these  stratified  formations  therefore  in  greater  detail,  we  find  that  they 
fall  naturally  in  their  turn  into  two  sets,  viz.  :  a  mechanical  set  of  pebble  beds, 
sandstones  and  clays  formed  of  rock  fragments  washed  off  the  land  into  the 
waters,  and  an  organic  set  of  limestones,  chalk,  etc.,  formed  of  the  shells  and 
exuvise  of  marine  organisms. 

But  when  we  attempt  a  further  division  of  these  two  sets  our  classification  soon 
begins  to  lose  its  definiteness.  We  infer  that  some  formations,  such  as  the  Old 
Red  and  the  Triassic,  were  the  comparatively  rapid  deposits  of  lakes  and  inland 
seas  ;  that  others,  like  the  Coal-measures,  London-clay,  etc,  were  the  less  rapid 
deposits  of  lagoons,  river  valleys,  deltas,  and  the  like  ;  that  others,  like  our  finely 
laminated  shales  and  clays  of  the  Silurian  and  Jurassic,  were  the  slower  deposits 
of  the  broader  seas  ;  and  finally,  that  others,  like  our  Chalk  and  Greensand,  woe 
possibly  the  extremely  slow  deposits  of  the  oceanic  deeps. 

Nevertheless,  after  looking  at  the  formations  collectively,  there  remains  no 
doubt  whatever  in  the  mind  of  the  geologist  that  their  mechanical  members  are 
the  results  of  the  aqueous  degradation  of  vanished  lands,  and  that  their  organic 
members  are  the  accumulated  relics  of  the  stony  secretions  of  what  once  were 
living  beings.  Neither  is  there  any  possibility  of  escape  from  the  conclusion  that 
they  have  all  been  deposited  by  water  in  the  superficial  hollows  of  the  sea-bottoms 
and  ocean  floors  of  the  earth -crust  of  their  time. 

In  the  life  of  every  individual  stratified  formation  of  the  mechanical  type  ^ 
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•Iwajrs  distingiiish  three  tUgts :  first,  the  stage  of  erosion  and  transportation, 
rhich  the  rock  firagments  were  worn  oflf  the  rocks  of  the  higher  ground  and 
lied  down  by  nin  and  rivers  to  the  sda ;  second,  a  stage  3[  deposition  and 
solidadon  bekmr  the  surface  of  the  quiet  waters ;  and  third,  a  nnal  stage  in 
ch  the  oompleted  rock-formation  was  bent  and  upheaved,  in  part  at  least,  into 
d  land.  In  the  formations  of  the  oiganic  type  three  corresponding  stages  are 
ally  disceriiabie :  first,  the  period  of  mineral  secretion  by  organized  ^ings  ; 
>na,  the  period  of  deposition  and  consolidation  ;  and  third,  the  final  period  of 
il  elevadon  in  mass,  fiut  one  and  all,  mechanical  and  organic  alike,  they  bear 
thdr  composition,  in  their  arrangement,  and  in  their  fossils,  abundant  and 
sistible  evidence  that  they  wer€  the  products  and  that  now  they  are  the 
norials  of  the  physical  geography  of  their  time. 

Guided  by  the  principles  of  Button  and  Lyell,  geologists  have  worked  out  witl^ 
at  care  and  completeness  the  effects  of  those  agencies  which  rule  in  the  first  of 
le  three  life-stages  in  the  history  of  a  mechanical  formation.  No  present 
logical  processes  are  more  familiar  to  the  young  geologist  than  those  of 
ludation.  erosion,  and  transportation.  They  form  together  the  subject-matter 
that  most  wonderful  fascinating  chapter  in  geology  which  from  its  modest 
ming  among  the  qaiet  Norfolk  Sandhills  sweeps  upwards  and  onwards  without 
reak  to  its  magnificent  dose  on  the  brink  of  the  gorge  of  the  Colorado.  But 
'  knowledge  of  the  detailed  processes  of  deposition  and  consolidation  which  rule 
the  second  stage  is  still  exceedingly  imperfect,  although  a  flood  of  light  has 
m  thrown  upon  the  subject  by  the  brilliant  results  of  the  Challenger  Expedition, 
d  we  are  compelled  to  admit  that  our  knowledge  of  the  operations  of  those 
nicies  which  rule  in  the  processes  of  upheaval  and  depression  is  as  yet  almost 
;  and  what  little  we  have  already  learnt  of  the  effects  of  these  agencies  is  the 
.*y  of  hosts  of  conflicting  theories  that  merely  serve  to  annoy  and  bewilder  the 
•rking  student  of  the  science. 

But  not  one  of  the  formative  triad  of  detrition,  deposition,  and  re-elevation  can 
;st  without  the  others.  No  detrition  is  possible  without  the  previous  upheaval  of 
t  rock-sheet,  from  which  material  can  be  removed ;  no  deposition  is  possible 
thout  the  previous  depression  of  the  rock-sheet,  which  forms  the  basin  in  which 
I  fragmentary  materisil  can  be  laid  down. 

Our  knowledge,  therefore,  of  the  origin  and  meaning  of  any  geological  formation 
latever  can  at  most  be  only  fragmentary  until  this  third  chapter  in  the  life-history 
the  geological  formation  has  been  attacked  in  earnest. 

Now  all  the  rich  store  of  knowledge  we  possess  respecting  the  first  stage  in  the 
:  of  a  geological  formation  has  been  derived  from  a  comparison  of  certain 
enomena  which  the  stratigraphical  geologist  finds  in  the  rock  formations  of  the 
St,  with  correspondent  phenomena  which  the  physical  geographer  discovers  on 
t  surface  of  the  earth  at  the  present.  And  all  that  we  know  of  the  second  stage 
sin  has  been  obtained  in  precisely  the  same  way.  Surely  analogy  and  common 
ise  both  teach  us  that  all  which  is  likely  to  be  of  permanent  value  to  us  as, 
^ds  the  final  stage  of  elevation  and  depression  must  be  sought  for  in  the  same 
ection. 

Within  the  last  twenty  years  or  so  many  interesting  and  vital  discoveries  have 
m  made  in  the  stratigraphy  of  the  rock  formations,  which  bear  largely  upon  this 
Bcure  chapter  of  elevation  and  depression.  And  1  propose  on  this  occasion  that 
:  try  to  summarise  a  few  of  these  new  facts,  and  then,  reading  them  in 
njunction  with  what  we  actually  know  of  the  physical  geography  of  the  present 
y,  try  to  ascertain  how  such  mutual  agreement  as  we  can  discover  may  serve  to 
i  the  stratigraphical  geologist  in  his  interpretation  of  the  true  meaning  of  the 
ological  formations  themselves.  We  may  not  hope  for  many  years  to  come  to 
id  ^  whole  of  this  geological  chapter,  but  we  may  perhaps  modestly  essay  an 
erpretation  of  one  or  two  of  the  opening  verses. 

In  the  physical  geography  of  the  present  day  we  find  the  exterior  of  our 
Taqueous  globe  divided  between  the  two  elements  land  and  water.  We  know 
It  the  solid  geological  formations  exist  everywhere  beneath  the  visible  surface  of 
t  lands,  but  of  their  existence  under  the  present  ocean  floor  we  have  as  yet  no 
solute  certainty.  We  know  both  the  form  ofthe  surface  and  the  composition  of, 
e  surface  of  the  continental  parts  of  the  lithosphere  ;  we  only  know  as  yet  even 

outline   the  form  of  its  oceanic  portions.    The  surface  of  eacli  of  our  f  reat 
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continental  masses  of  land  resembles  that  of  a  long  and  broad  arch-like  form,  d 
which  we  see  the  simplest  type  in  the  New  World.  The  surface  of  this  American 
arch  is  sagged  downwards  in  the  middle  into  a  central  depression  which  lis 
between  two  long  marginal  plateaux,  and  these  plateaux  are  finally  crowned  bf 
the  wrinkled  crests  which  form  our  modem  mountain  systems.  The  surface  of 
each  of  our  ocean  floors  exactly  resembles  that  of  a  continent  turned  upside  down. 
Taking  the  Atlantic  as  our  simplest  type,  we  may  say  that  the  surface  of  each 
ocean  basin  resembles  that  of  a  mighty  trough  or  syncline,  buckled  up  more  or  les 
centrally  into  a  medial  ridge,  which  is  bounded  by  two  long  and  deep  maigioal 
hollows,  in  the  cores  of  which  still  deeper  grooves  sink  to  the  profoundest  depths. 
This  complementary  relationship  descends  even  to  the  minor  features  of  the  two. 

Where  the  great  continental  sag  sinks  below  the  ocean  level  we  have  our  gulfc 
and  our  Mediterranean,  seen  in  our  type  continent  as  the  Mexican  Gulf  and 
Hudson  Bay.  Where  the  central  oceanic  buckle  attains  the  water-line  we  have 
our  oceanic  islands,  seen  in  our  type  ocean  as  St.  Helena  and  the  Axores. 
Although  these  apparent  crust- waves  are  neither  equal  in  size  nor  symmetrical  in 
form,  this  complementary  relationship  between  them  is  always  discernible.  The 
broad  Pacific  depression  seems  to  answer  to  the  broad  elevation  of  the  Old  Worid 
— the  narrow  trough  of  the  Atlantic  to  the  narrow  continent  of  America. 

Every  primary  wave  of  the  earth's  surface  is  broken  up  into  minor  waves,  in 
each  of  which  the  ridge  and  its  complementary  trough  are  always  recognisable. 
The  compound  ridge  of  the  Alps  answers  to  the  compound  Mediterranean  trough ; 
the  continuous  western  mountain  chain  of  the  Americas  to  the  continuous  hollow 
of  the  Eastern  Pacific  which  bounds  them  ;  the  sweep  of  the  crest  of  the  Himalaya 
to  the  curve  of  the  Indo-Gangetic  depression.  Even  where  the  surface  waves  of 
the  lithosphere  lie  more  or  less  buried  beneath  the  waters  of  the  ocean  and  the 
seas,  the  same  rule  always  obtains.  The  island  chains  of  the  Antilles  answer  to 
the  several  Caribbean  abysses,  those  of  the  ^gean  Archipelago  answer  to  the 
Levantine  deeps. 

Draw  a  section  of  the  surface  of  the  lithosphere  along  a  great  circle  in  any 
direction,  the  rule  remains  the  same :  crest  and  trough,  height  and  hollow,  succeed 
each  other  in  endless  sequence,  of  every  gradation  of  size,  of  every  degree  of 
complexity.  Sometimes  the  ridges  are  continental,  like  those  of  the  Americas ; 
sometimes  orographic,  like  those  of  the  Himalaya  ;  sometimes  they  are  local,  like 
those  of  the  English  Weald.  But  so  long  as  we  do  not  descend  to  minor  details 
we  find  that  every  line  drawn  across  the  earth's  surface  at  the  present  day  rises  and 
falls  like  the  imaginary  line  drawn  across  the  surface  of  the  waves  of  the  ocean. 
No  rise  of  that  line  occurs  without  its  complementary  depression  ;  the  two  always 
go  together,  and  must  of  necessity  be  considered  together.  Each  pair  constitutes 
one  of  those  geographical  units  of  form  of  which  every  continuous  direct  line 
carried  over  the  surface  of  the  lithosphere  of  our  globe  is  made  up.  This  unit  is 
always  made  up  of  an  arch-like  rise  and  a  trough-like  depression  which  shade  into 
each  other  along  a  middle  line  of  contrary  curvature.  It  resembles  the  letter  S,  or 
Hogarth's  line  of  beauty,  and  is  clearly  identical  in  form  with  the  typical  wave  of 
the  physicist.  Here,  then,  we  reach  a  very  simple  and  natural  conclusion,  viz.t 
the  surface  of  the  earth-crust  of  the  present  day  resembles  that  of  a  series  of  crust- 
waves  of  different  lengths  and  different  amplitudes,  more  or  less  irregular  and 
complex,  it  is  true,  but  everywhere  alternately  rising  and  falling  in  synmietrical 
pairs  like  the  waves  of  the  sea. 

Now  this  rolling  wave-like  earth-surface  is  formed  of  the  outcropping  edges  of 
the  rock  formations  which  are  the  special  objects  of  study  of  the  stratigraphical 
geologist.  If,  therefore,  the  physiognomy  of  the  face  of  our  globe  is  any  real  index 
of  the  character  of  the  personality  of  the  earth-crust  beneath  it,  these  collective 
geographical  features  should  be  precisely  those  which  answer  to  the  collective 
structural  characters  of  the  geological  formations. 

In  the  earlier  days  of  geology  one  of  the  first  points  recognised  by  our  strati* 
graphists  was  the  fact  that  the  formations  were  successive  lithological  sheets,  whose 
truncated  outcropping  edges  formed  the  present  surface  of  the  land,  and  that  these 
sheets  lay  inclined  at  an  angle  one  over  the  other,  as  William  Smith  quaintly 
expressed  it,  like  a  tilted  *pile  of  slices  of  bread  and  butter.'  But  as  discovery 
progressed  the  explanation  of  the  arrangement  soon  became  evident.  The 
^Mmations  revealed  themselves  as  a  series  of  what  had  originally  been  deposited  H 
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horizontal  sheets,  l3ring  in  Tegular  order  one  over  the  other,  but  which  had  been 
subsequently  bent  up  into  alternating  arches  and  troughs  (i.e.  the  anticlines  and 
syndines  of  the  geologist),  while  their  visible  parts,  which  now  constitute  the  surface 
of  our  habitable  lands,  were  simply  those  parts  of  the  formation  which  are  cut  at 
present  by  the  irregular  plane  of  the  present  earth* s  surface.  All  those  parts  of  the 
great  arches  and  troughs  formerly  occurring  above  that  plane  have  been  removed  by 
denudation  ;  all  those  parts  below  that  plane  lie  buried  still  out  of  sight  within  the 
solid  earth-crust,  although  in  every  geological  section  of  sufficient  extent  it  was 
seen  that  the  anticline  or  arch  never  occurred  without  the  syncline  or  trough—in 
other  words,  that  there  was  never  a  rise  without  a  corresponding  fall  of  the  stratum. 
Yet  it  is  only  of  late  years  that  the  stratigraphical  geologist  has  come  clearly  to 
xecognize  the  £act  that  the  anticline  and  syncline  must  be  considered  together,  and 
must  be  united  as  a  single  crust*wave,  for  the  arch  is  never  present  without  its 
complementary  trough,  aiKl  the  two  together  constitute  the  tectonic  or  orographic 
unit  Tk£  FoU^  the  study  of  which,  so  brilliantly  inaugurated  by  Heim  in  his 
*Mechanismus  der  Gebirgsbildung,'  is  destined,  I  believe,  in  time,  to  give  us  the 
clue  to  the  laws  which  rule  in  the  local  elevation  and  depression  of  the  earth-crust, 
and  furnish  us  with  the  means  of  discovery  of  the  occult  causes  which  lie  at  the 
source  of  those  superficial  irregularities  which  give  to  the  face  of  our  globe  its 
variety,  its  beauty,  and  its  habitabiliiy. 

We  have  said  already  that  this  wave  or  fold  of  the  geologist  resembles  that  of 
the  wave  of  the  physicist. 

Now  we  may  regard  such  a  wave  as  formed  of  two  parts,  the  arch-like  part 
above  and  the  trough-like  part  below.  The  length  of  the  wave  is  naturally  the 
length  of  that  line  joining  the  outer  extremities  of  the  arch  and  trough,  and 
passing  through  the  centre  node  or  point  of  origin  of  the  wave  itself,  which  bisects 
the  line  of  contrary  curvatures.  The  amplitude  of  the  wave  is  the  height  of  the 
itrch  added  to  the  depth  of  the  trough.  Now  the  arch  part  of  such  a  wave,  if 
perfectly  Sjrmmetrical,  may  clearly  be  regarded  as  belonging  either  to  a  wave 
travelling  to  the  right,  in  which  case  the  complementary  trough  is  the  one  in  that 
direction,  or  it  may  be  regarded  as  belonging  to  a  wave  travelling  to  the  left,  in 
which  case  its  trough  must  be  the  one  in  that  direction.  But  as  in  the  case  of  the 
sea  wave,  the  advancing  slope  of  the  wave  is  always  the  steeper,  and  the  real 
centre  of  the  wave  must  lie  half-way  down  this  steeper  slope  ;  so  there  is  no 
difficulty  in  recognizing  the  centre  of  a  geological  fold  and  its  real  direction  of 
movement. 

The  fold  of  the  geologist  differs  from  the  ordinary  wave  of  the  physicist, 
essentially  in  the  fact  that  even  in  its  most  elementary  conception,  as  that  of  a 
plate  bent  bv  a  pressure  applied  from  opposite  sides,  it  necessarily  includes  the 
element  of  thickness.  And  this  being  the  case,  the  rock  sheet  which  is  being 
folded  and  curved  has  different  layers  of  its  thickness  affected  differently ;  in  the  arch 
of  the  fold  the  upper  layers  of  the  rock  sheet  are  extended,  while  its  lower  layers 
are  compressed.  On  the  contrary,  in  the  trough  of  the  fold  the  upper  layers  are 
compre^ed  and  the  lower  layers  are  extended.  But  in  both  arch  and  trough 
alike  there  exists  a  central  layer,  which,  beyond  taking  up  the  common  wave-like 
ibrm,  remains  practically  unaffected. 

But  the  geological  fold  has  in  addition  to  length  and  thickness  the  further 
element  of  breadth,  and  this  fact  greatly  complicates  the  phenomena. 

But  many  of  the  movements  which  take  place  in  a  rock  sheet  which  is  being 
folded,  or  in  other  words  those  produced  by  the  bending  of  a  compound  sheet 
composed  of  many  leaves,  can  be  fairly  well  studied  in  a  very  simple  experiment. 
Take  an  ordinary  large  note-book,  say  an  inch  in  thickness,  with  flexible  covers, 
rule  carefully  a  series  of  parallel  lines  across  the  edges  of  the  leaves  at  the  top  of 
the  book,  about  \  of  an  inch  apart,  and  exactly  at  right  angles  to  the  plane  of  the 
cover.  Then,  holding  the  front  edges  loosely,  press  the  book  slowly  from  back 
and  front  into  an  S-like  form  until  it  can  be  pressed  no  further.  As  the  wave 
grows  it  will  be  noticed  that  the  cross  lines  which  have  been  drawn  on  the  upper 
edge  of  the  book  remain  fairly  parallel  throughout  the  whole  of  the  folding 
process,  except  in  the  central  third  of  the  book,  where  they  arrange  themselves 
into  a  beautiful  sheaf-like  form,  showing  how  much  the  leaves  of  the  book  have 
sheared  or  slidden  over  each  other  in  this  central  portion.  It  will  also  be  seen 
when  the  S  is  complete  that  the  book  has  been  forced  into  a  third  of  its  former 
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breadth.     It  is  clear  that  the  wave  the  book  now  fbnns  must  be  regarded  as  mde 
up  of  three  sections :  viz.  a  section  forming  the  outside  of  the  trough  on  the  one 
side,  and  a  section  forming  the  outside  of  the  arch  on  the  other,  and  a  central  or 
common  section,  which  may  be  regarded  either  as  uniting  or  dividing  the  other  tva 
As  this  experiment  gives  us  a  fair  representation  of  what  takes  place  in  a 
geological  fold,  we  see  at  a  glance  that  the  geologist  is  forced  to  diride  his  fold  into 
three  parts — an  arch  limb,  a  trough  limb,  and  a  middle  limb— which  latter  we  laay 
call  the  copula  or  the  septuniy  according  as  we  regard  it  as  connecting  or  dividing 
the  other  two.     Our  note-book  experiment,  therdore,  shows  us  also  that  in  tbc 
trough  limb  and  the  arch  limb  the  leaves  or  layers  undergo  scarcely  any  change  of 
relative  position  beyond  taking  on  the  growing  curvature  of  the  wave.     But  die 
layers  in  the  central  part,  or  septum^  undergo  sliding  and  shearing.     It  will  be 
found  also,  by  gripping  the  unbound  parts  of  the  book  firmly  and  practicing  the 
folding  in  different  ways,  that  this  septum  is  also  a  region  of  warping  and  tw^iog. 
This  simple  experiment  should  be  practised  again  and  again  until  these  points  are 
apparent,  and  the  various  stages  of  the  folding  process  become  clear  ;  the  surfuce  of 
the  book  being  forced  first  into  a  gentle  arch-like  rise  with  a  corresponding  troogh* 
like  fall,  then  stage  by  stage  the  arch  should  be  pushed  over  on  to  the  trough  nndl 
the  surfaces  of  the  two  are  in  contact  and  the  book  can  be  folded  no  further. 

{To  he  continued,) 


I^  E  V  I  E  -W  S- 

L — Aroilbs  de  Spbbton  bt  leurs  ^quiyalbnts.  By  A.  Paylow 
and  G.  W.  Lampluoh.  Extracted  from  the  "  Bulletin  de  U 
Societe  Imp6r.  des  Naturalistes  de  Moscou,"  Nos.  3  and  4,  1891. 
With  eleven  plates  (Moscow,  1892). 

THAT  the  study  of  life-Eones  furnishes  the  key  to  the  elucidation 
of  the  relationship  of  fossil iferous  rocks,  however  widely 
separated  geographically,  has  long  been  recognised  by  palesontolo- 
giHts,  and  this  lesson  is  enforced  anew  in  the  admirable  monograph 
before  us. 

The  authors  divide  their  work  into  three  parts ;  the  first  (pp. 
1-33)  contains  a  description  of  the  beds  at  Speeton  (Speeton  Clay) 
and  their  equivalents  in  Lincolnshire,  by  Mr.  Lamphigh  ;  the  secood 
(pp.  34-166)  gives  a  description,  written  by  M.  Pavlow,  of  those 
forms  of  Mesozoic  Cephalopods  —  Belemnites  and  Ammonites — 
which  are  of  the  greatest  importance  for  purposes  of  comparative 
stratigraphy,  lliese  fossils  ai'e  compared  with  the  fossils  of  other 
countries,  chiefly  with  Russian  forms,  of  which  some  are  figured  as 
well  as  described.  This  part  of  the  work  is  preceded  by  a  table 
(pp.  36-37)  indicating  the  sub-divisions  of  the  Jurassic  and  Lower 
Cretaceous  beds  of  the  neighbourhood  of  Moscow,  and  of  the  lower 
Volga  region  (Bas  Wolga).  Furthermore,  M.  Pavlow  deals  with 
the  relationship  between  the  Speeton  and  Lincolnshire  beds  and 
those  of  other  countries  (pp.  166-201). 

The  material  upon  which  the  memoir  under  review  was  based 
consisted  in  the  main  of  Mr.  Lam  pi  ugh 's  collection  of  fossils  made 
at  Speeton  and  in  Lincolnshire,  supplemented  by  many  specimens 
lent  to  the  authors  by  the  officials  connected  with  some  of  the 
leading  Continental  and  British  Museums. 

In  order  to  make  clear  the  remarks  which  follow  we  here  repro- 
duce part  of  a  stratigrapbical  table  furnished  by  M.  Pavlow,  showing 
the  different  ''zones''  into  which  the  Speeton  and  Eusaian  bedl 
have  been  divided. 
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These  may  be  taken  in  descending  order,  attention  being  directed 
chiefly  to  the  lower  Volga  region,  of  which  the  series  of  beds  is  the 
most  oomplete.  Below  the  Gault  in  this  region  there  are  clays 
containing  concretions  of  marly  limestone,  and  characterized  by 
JlopUtes  Deshayesif  Amaltheus  hicurvatus,  and  by  large  forms  of 
Anofloceras,  which  are  found  both  in  concretions  and  in  the  clay 
itself.  The  presence  of  Gault  cephalopods  clearly  indicates  the 
horizon  to  which  these  clays  belong.  The  Gault  clays  rest  upon  a 
thick  series  of  more  or  less  marly  and  gypsiferous  clays,  of  whidi 
the  upper  part  is  poor  in  fossils,  making  it  difficult  to  establish  the 
lower  boundaries  of  the  Gault.  But  a  little  lower  down  two 
horizons  are  apparent,  characterized  by  dififerent  Ammonites;  the 
upper  one  with  Olcostephanus  (Simbirskites)  Dechenif  S.  discofaleaiUt 
JS.  progrediens,  S,  umbonatus,  S,  speetonensis  (faaciato-faleatuSf  Lah.), 
S.  Barboti,  Belemnite8  Jasikowi,  B.  brunsvicensis,  B.  absolutifarmitj 
the  lower,  which  is  thinner,  containing  Simbirsktiea  versicolor,  8, 
inversus,  Belemnites  Jasikowi,  B.  abiolutiformis.  Comparing  this 
part  of  the  Simbirsk  section  with  that  of  Speeton  (see  Table)  the 
striking  resemblance  between  the  two  faunas  is  apparent,  as  also  the 
similarity  in  the  order  of  their  succession.  The  number  of  forms 
common  to  both  leaves  no  room  to  doubt  that  in  the  Simbirsk 
horizon  we  have  the  exact  representative  of  the  zones  of  Olcostephawu 
(Simbirskites)  speetonensiSf  and  S.  std)inversus  of  Speeton.  There 
are,  it  is  true,  some  dissimilarites  between  the  beds  of  the  two 
countries,  but  these  are  unimportant,  and  fresh  researches  might 
completely  negative  them.  The  zone  of  S,  Decheni  and  S.  discofaU 
caius  is  developed  also  in  the  neighbourhood  of  Moscow  (Gres  de 
Worobiewo)  and  contains  Crioceran  Matheroni,  On  descending 
lower  in  the  series,  however,  the  striking  resemblance  between  the 
Eussian  and  Speeton  beds  is  no  longer  discernible.  For,  while  at 
Speeton  the  succeeding  zone  (c.  8  to  c.  11)  is  characterized  by 
Boplites  regalis,  Holcodiscus  rotida,  Astieria  Astieri,  HopUtes  Bou- 
baudi,  Belemnites  jaculum  (representing  the  upper  part  of  the 
**  Claxby  Ironstone  "  of  Lincolnshire),  this  zone  is  entirely  wanting 
in  the  Simbirsk^  region.  Its  absence  is  the  more  remarkable  since 
the  following  zone,  which  forms  the  base  of  the  Hoplites  regalis  beds 
of  Speeton,  is  common  to  both  countries,  although  in  Russia  it  is 
only  developed  in  certain  places.  The  zone  in  question  (D.  1  to 
D.  3)  is  met  with  in  the  neighbourhood  of  Syzran  (village  of 
Kachpour),  and  its  stratigraphical  position  is  found  to  be  above  that 
of  the  upper  zone  of  the  first  stage  of  Bouillier  (= Volgien  superieur). 
It  here  contains  Olcostephanus  (Folyptychites)  Keyserlingi,  P.  ramw- 
licosta,  P,  gravesiformisy  Belemnites  lateralis,  B,  subquadratus,  and 
many  other  forms.  No  trace  of  this  interesting  fauna  has  been  met 
with  in  the  environs  of  Moscow.  Kemains  of  plants  in  arenaceous 
beds,  of  Weald  en  or  Purbeck  age,  are  found  here,  and  these  beds 
rest  upon  the  upper  stage  of  Bouillier,  which  near  Syzran  forms  the 

1  Simbirsk  is  a  province  situated  in  the  western  part  of  East  Bussia,  nearly  doe 
west  of  Moscow. 
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bate  of  the  "  Petoborian  "  atage^  The  Bouillier  stage  la  Yerj  rich  in 
fossila  and  ita  fauna  has  been  oarefally  worked  up.  It  is  divided 
into  two  zones,  the  upper  of  whioh  contains  Olcostephanua  (Cruspe' 
Uteti)  nodiger^  C,  huehpurienay  and  OxffnotieeroB  aubelypeifarme,  and 
the  lower  contains  Oleosiephanua  ( Craapedites)  aubditua,  C.  fragilia, 
ind  Oxynotieeraa  catemUatum,  Behsmnitea  lateralis,  B.  ruaaienaia  and 
B.  moaquenaia  are  found  in  both  zones ;  Belemnitea  aubguadratua  is 
dso  met  with,  though  rarely. 

Turning  again  to  Speeton  we  find  that  the  beds  there  (D.  4  to  D.  8) 
sorresponding  with  the  upper  stage  of  Bouillier  are  those  situated 
immediately  below  D.  1  to  D.  3,  and  that  they  contain  the  following 
Dephalopods,  Tiz.,  Belemnitea  lateralia,  B.  ruaaienaia,  B.  aubguadratua, 
B.  explanatoidea,  Oleoatephanua  (Craapeditea)  fragilia,  C.  avhditua^ 
md  Oxynotieeraa,  of.  eatenulatum.  Excluding  the  two  last-named 
Ammonites,  which  were  found  to  be  too  young  for  decisive  identifi- 
satiouy  the  list  may  be  completed  by  the  Cephalopods  of  Lincolnshiie 
>f  corresponding  horizon  (Spilsby  Sandstone).  This  supplies  an 
undoubted  Craapeditea  aubditua,  so  that  there  remains  only  Oxyno-. 
liceraa  eatenulatum  upon  which  any  doubt  might  be  thrown.  But 
3ven  if  the  last-named  species  did  not  exist  at  Speeton,  the  number 
3f  forms  common  to  the  Russian  and  English  horizons  in  question 
svould  be  sufficient  to  prove  the  relationship  between  them. 

We  now  reach  the  beds  forming  the  base  of  the  Craapeditea 
iubditua  and  C.  fragilia  beds,  which  in  Russia  are  rich  in  Ammonites 
>f  the  Virgati  group.  Two  zones  have  been  observed  up  to  the 
present  time,  viz.,  the  zone  of  Virgatitea  virgatua,  and  F.  Pallasi,  and 
:bat  of  F.  triplicatua  and  F.  Blakei.  Representing  these  zones  at 
Speeton  there  are  (1)  the  "Coprolite  bed,"  (2)  the  bituminous 
ichists  containing  crushed  Ammonites,  and  Belemnitea  magnificua,  B. 
\)orrectua,  and  B,  obeliacoidea,  which  are  observed  at  Speeton,  below 
he  Belemnitea  lateralia  beds.  The  Ammonites  found  in  the  ''Copro- 
lite bed  "  are  too  fragmentary  to  be  identified  with  exactness ;  but 
he  following  species  were  approximately  determined,  viz.,  Virgatitea, 
jf.  F.  Panderi,  Virgatites,  cf.  F.  Tchernyschovi,  Virgatitea,  cf.  F. 
\eyihicua,  Virgatitua,  cf.  F.  doraoplanua,  Virgatitea,  cf.  F.  miatach- 
cavienaia,  Periaphinctea  lacertoaua.  Going  down  still  lower  in  the 
itratigraphical  series  undoubted  Eimmeridgian  beds  are  met  with 
containing  Hoplitea  eudoxua,  H.  paeudomutabilia,  and  H,  aubundara. 
The  beds  are  the  same  as  those  which  constitute  the  base  of  the 
Virgati  beds  in  Russia.  Thus,  even  putting  aside  palasontological 
evidence,  the  stratigraphy  alone  would  suffice  to  prove  that  the 
*  Coprolite  bed  "  E,  and  the  bituminous  schists  forming  its  base 
correspond  to  the  Virgati  beds  of  the  Russian  Jurassia  The 
3al»ontologioal  evidence,  however,  is  not  so  convincing,  owing  to 
he  bad  state  of  preservation  of  the  Speeton  fossils,  and  an  imperfect 
knowledge  of  the  lowest  zone  of  the  Virgati  beds.     Notwithstanding 

*  This  sub-diTision  has  been  so  designated  by  M.  Pavlow.  It  is  a  well  developed 
lorizon,  characterized  by  a  special  fauna.  It  was  first  discovered  by  Keyserling, 
nrho  described  it  in  his  **  Wissenschaftliche  Beobachtungen  auf  einer  Reise  in  das 
Petachora  Land,  1846.*' 
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this,  the  regular  snocession  of  asones  in  Russia  and  England,  holding 
a  similar  fauna,  justifies  the  anticipation  that  the  parallelism  between 
the  Upper  Jurassic  and  Necomian  beds  of  Russia,  and  ihoee  of 
Western  Europe,  may  yet  be  established  upon  the  firm  basis  of 
palfldontologioal  facts. 

In  his  chapter  on  the  comparative  stratigraphy  of  the  Speeton 
Clay  (pp.  156-201),  M.  Pavlow  cites  the  opinions  of  Toiioas, 
Oppel,  Blake,  C.  Struckmann,  Kikitin,  Tchemychew,  and  others,  on 
the  question  of  the  age  of  the  Portland ian  and  Tithonia  While  not 
discussing  the  point  as  to  whether  these  formations  belong  to  the 
Cretaceous  or  to  the  Jurassic,  M.  Pavlow  observes  that  the  history 
of  the  development  of  the  faunas,  so  far  as  they  are  known,  18 
distinctly  opposed  to  the  division  of  the  Tithonio  and  the  Portp 
landian  between  the  two  systems. 

The  following  new  species  of  Belemnites  are  described  by  M. 
Pavlow,  viz.,  BelemniteB  obeli Beoides,  B.  explanatoides^  B.  BowUUeri, 
B.  moBquensis,  B,  hrevtaxi$,  B,  crintatuB^  B.  obtuiiroatriB,  B,  BptttoBr 
enBXB,  A  chapter  upon  the  classification  of  Belemnites  (pp.  89-96) 
follows  the  description  of  the  species,  the  divisions  adopted  being 
based  upon  those  of  Neumayr,  viz.,  (1)  Noioeceli,  (2)  Biparttti,  (3) 
Dilaiatij  (4)  Supraavlcati  {=^  Canaliculati,  Neumayr,  non  Zittel),  (5) 
iictiartt,  (6)  Infra depresBt,  Of  Ammonites  the  following  new  sub- 
genera and  species  are  described,  viz.,  VirgatiUB  (= Ammonites  of 
Uie  group  Virgati,  auct.);  CraBpediteB  (=01oostephani  of  the  group 
O.  Bubditut)  ;  PolyptychiteB  (=:01oostepbani  of  the  group  O.  poiypttf' 
ehuB)f  OleoBtephanuB  {PolyptychiteB)  iriplodiptyehuB,  O,  (P.)  rams/i- 
coBta,  0,  (P.)  Beani,  0.  (P.)  gravesiformtB,  0.  (P.)  Lamplugki; 
Astieria  (=01co8tephani  of  the  group  0,  A$tieri)f  OleoalephannM 
(Astieria)  buIcobub  ;  SimbirBkiteB  (=01oo6tephani  of  the  group  0. 
Decheni)  ;  Aeanihoceras  (?)  peltoceroideB. 

Abthub  H.  Foobd. 


IT. — Thk  Volcanic  Rocks  of  Colombia. 

W.  Reiss  and  a.  STiJBKL :  Reisen  in  Sud- Amebika.  Gkologischx 
Studien  in  deb  Republik  Colombia.  Part  I.  Petrograpbie. 
1.  Die  Vulkanischen  Gesteine.  By  Richabd  Kxjch.  (Berlin, 
1892.     4to.  xiv.+204  pp.     Nine  Plates. 

DURING  the  past  ten  years  many  important  additions  have  been 
made  to  the  knowledge  of  the  volcaiiio  rooks  of  the  northern 
Andes,  including  contributions  by  Karsten,  Bonney,  Siemiradzki, 
Hettner,  and  Linok ;  a  far  more  elaborate  work  has  now  been 
published  giving  the  results  of  Dr.  Kiich's  searching  investigation 
of  the  large  collection  brought  home  by  Drs.  Reiss  and  Stiibel  from 
the  expedition  rendered  famous  by  the  important  anthropological 
discoveries  that  attended  their  excavations  at  Ancon.  The  specimens 
of  volcanic  rocks  alone  number  1500,  which  are  now  preserved  at 
the  Museums  of  Berlin  and  Dresden,  or  in  the  collection  of  Dr. 
Reiss ;  some  of  them  have  been  previously  described,  as  the  memoir 
of  Carl  Hopfner,  issued  in  1881,  was  ba^ed  upon  part  of  the  mat^ial* 
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Br.  Beiss  preiliCM  the  work  by  a  short  introduotion  deflcribing 
he  main  fealinres  in  the  relations  of  the  Oolombian  Andes ;  at  the 
lorthem  end  of  the  oountry  these  form  three  distinct  ranges,  known 
A  the  eastem,  central,  and  western  Cordilleras.  They  are  separated 
»y  the  Magdalena  and  Oanca  valley;  to  the  south  these  oontract 
ill  finally  the  eastern  range  merges  into  the  central  chain.  The 
wo  lateral  Cordilleras  are  oomposed  of  Cretaceous  and  Jurassio 
ledimentary  rocks,  but  the  central  chain  is  formed  of  old  crystalline 
ohists,  gneisses,  and  Cretaceous  emptives.  The  difficulty  in  the 
ttndy  of  the  relations  of  these  is  increased  by  the  fact  that  the 
highest  peaks  are  glacier  clad. 

Dr.  Kiiob's  description  of  the  rocks  is  divided  into  two  parts, 
I  general  and  a  special.  In  the  former  the  rooks  are  classified 
>etrographioally,  and  in  the  latter  topographically ;  in  this  section 
i  reference  map  would  have  been  of  great  assistance. 
•  The  rooks  described  are  nearly  all  Andesites  and  Dacites,  and  the 
irork  is  mainly  of  value  as  giving  a  detailed  study  of  these  two 
pronps,  which  are  represented  by  very  varied  series,  and  a  discussion 
>f  their  relations.  The  author  agrees  with  Bosenbnsch  in  regarding 
lie  Daoitee  as  entitled  to  rank  as  a  distinct  group,  equivalent  to  that 
)f  the  Andesites,  and  not  as  merely  a  type  of  the  Amphibole  or 
Ifica  Andesites.  The  Colombian  volcanoes  have  yielded  a  very 
complete  series  of  representatives  of  the  two  groups,  as  the  silica 
percentage  ranges  from  54  per  cent  to  78  per  cent.,  so  that  all 
itages  from  felspar .  basalts  to  quarts  trachytes  are  represented. 
Dr.  Eiich  objects  to  Giimbel's  classification  into  the  two  groups  of 
the  basaltic  and  trachytic  types,  and  to  Bosenbuscb's  classification 
)f  the  daoites  into  the  holocrystalline,  felso-dacite,  andesitic-  and 
lyalo-dacite.  The  arrangement  which  he  proposes  divides  both 
mdesites  and  daoites  into  three  groups;  in  the  former  the  divisions 
ire  pyroxene-andesite,  amphibole-pyroxene-andesite.  and  ampbibole- 
indesite ;  in  the  latter  are  the  **  biotite-am  phi  bole- dacite,  pyroxene- 
imphibole-dacite,  and  pyroxene-dacite.  These  divisions  may  be 
iseful  for  the  purposes  of  a  petrographical  description  of  cabinet 
specimens,  but  they  do  not  seem  to  be  of  value  in  the  field,  as  the 
luthor  points  out  that  a  transition  may  be  traced  from  an  augite- 
mdesite  to  an  amphibole-andesite  in  a  single  hand  specimen ;  he  thus 
>bjects  to  the  view  of  Lagorio  and  Qiimbel  that  these  two  types  are 
iharply  separated  from  one  another. 

The  pyroxene-andesite  is  the  most  important  of  the  andesites  and 
I  detailed  description  is  given  of  the  rock  and  its  mineral  con- 
stituents ;  among  these,  olivine  and  quartz  are  both  present  as 
icoessories.  Pyroxene  is  usually  represented  both  by  monoclinio  and 
rhombic  species,  usually  augite  and  hypersthene.  The  plagioclase 
ranges  from  andesine  to  bytownite,  as  is  shown  by  the  specific 
^avity  of  isolated  crystals,  a  method  which  the  author  has  applied 
iomewhat  extensively. 

The  amphibole-pyroxene-andesite  is  intermediate  between  the 
other  two  types ;  in  it  a  crystal  of  augite  is  often  enclosed  in  one 
of  amphibole  and  vice  versa :  in  the  pyroxene  andesite  the  amphibole 
never  enoloses  the  pyroxene;  the  author  thuB  ooticivii^^^^V.SxL'^^ 
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latter  the  amphibole  consolidated  first,  whereas  in  tbe  aaphibofe* 
pyrozene-andesite  the  amphibole  and  pyroxene  cryaUdlized  nun 
or  1688  simultaneously. 

Amphibole-andesite  is  rare. 

Among  the  Dacites  the  biotite-amphibole  species  is  the  most  iaH 
portant  In  this  the  felspar  ranges  between  andesine  and  sanidioe, 
and  is  often  altered  to  opaL  The  most  interesting  part  of  the 
detailed  description  of  this  type  is  the  discussion  of  the  origin  and 
significance  of  the  so-called  "  corrosion-figures  " :  he  does  not  desy 
that  crystals  are  sometimes  corroded  by  the  still  flnid  magma*  bst 
attributes  many  cases  that  would  generally  be  attri bated  to  this,  to 
other  influences,  such  as  original  deformations,  oscillation,  twint, 
mechanical  strains,  etc.  A  spherulitic  structure,  though  of  a  some- 
what imperfect  type,  occurs  in  this  rock  and  in  the  pyroxene 
andesite.  In  the  pyroxene-amphibole  andesites,  andesine  is  the 
ohief  plagioclase,  while  basaltic  olivine  is  present  as  an  aooessory. 
Pyroxene-dacite  was  only  once  met  with. 

The  last  section  of  the  *'  (General  Part "  is  devoted  to  the  s^rega- 
tions,  agglomerate-lavas,  and  ejected  blocks  and  ashes.  A  felspar 
basalt  is  represented  by  specimens  from  three  localities.  A  chi^ter 
is  also  devoted  to  tbe  evidence  afforded  by  17  analyses,  as  to  the 
chemical  relations  of  andesite  and  dacite ;  the  silicate  percentage  of 
the  former  ranges  from  54*21  to  62*26  per  cent ;  and  that  of  the 
latter  from  63*36  to  70-22  per  cent. 

The  **  Special  Part "  dealing  with  the  geographical  distribntion  of 
rocks,  occupies  from  pp.  89-192 ;  the  most  interesting  point  brought 
out  in  this  is  tbe  great  variation  of  the  rocks  at  each  volcanic  centre: 
thus  andesites  and  dacites  are  associated,  and  usually  in  more  than 
one  variety  of  each. 

The  description  of  rock-specimens  considered  apart  from  their 
field  relations  is  never  of  course  the  ideal  method  of  petrography, 
as  no  doubt  Dr.  Kiich  would  be  quite  ready  to  admit ;  but  in  the 
case  of  such  distant  and  comparatively  inaccessible  areas  as  the 
Republic  of  Colombia,  it  is  all  that  can  be  hoped  for  at  present 
The  detailed  descriptions  of  the  rocks,  however,  will  greatly  lighten 
the  labours  of  the  lucky  geologist  to  whose  lot  it  may  fall  to  work 
out  their  relations  in  the  field.  We  must  accordingly  be  grateful  to 
Dr.  Kiich  for  tbe  care  with  which  he  has  investigated  the  materials, 
and  to  the  two  illustrious  travellers  whose  careful  collecting  has 
added  so  greatly  to  our  knowledge  of  the  geology  of  the  northern 
Andes.  J.  W.  G. 

III. — The  Muir  Glacieb. 

'<  Studies  of  the  Muir  Glacier,  Alaska.  By  Harry  Fielding 
Kkid.  National  Geographic  Magazine,  Vol.  IV.,  pp.  19-84, 
pis.  i.-xvi.     Washington,  D.  C,  1892. 

THE  exploration  of  Alaska  is  being  rapidly  advanced  by  the 
energy  of  the  American  geographers  and  geologists.  The 
latest  addition  is  a  detailed  study  of  the  Muir  Glacier,  made  last 
year  by  Professor  Keid,  and  which  has  resulted  in  the  correction  of 
Bome  very  important  erxoro  vi  out  ^revioos  knowledge  of  tba 
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district.  The  principal  measarements  of  tbe  glacier  as  given  by 
Professor  Beid's  survey  are  a  length  of  35  miles,  a  width  varying 
from  6  to  10  miles  and  an  area  of  350  sqaare  miles.  The  thickness 
is  900  feet  at  the  seaward  end,  and  is  much  less  than  had  been 
stated.  The  glacier  slopes  upward  at  1°  15'  towards  the  nev6 
fields ;  the  mountains  around  the  glacier  are  from  5,000  to  7,000  ft 
in  height  The  glacier  is  now  receding  very  rapidly,  and  has 
retreated  1,000  yards  in  four  years,  a  rate  which  far  surpasses  that 
ever  attained  by  the  Boeenlaui  Glacier;  its  greatest  extent  was 
reached  about  150-200  years  ago.  Around  the  fiord  there  Is  plenty 
of  evidence  of  submerged  forests,  and  Professor  Reid  therefore 
suggests  that  the  diminution  in  the  ice  has  been  due  to  subsidence. 
The  ablation  is  at  the  rate  of  2  ins.  a  day,  a  measurement  of  much 
interest  as  reliable  estimates  for  the  Alaskan  glaciers  have  been  so 
far  wanting.  One  of  the  most  important  parts  of  Professor  Beid's 
work  was  bis  measurement  of  the  rate  of  motion ;  this  was  calculated 
by  Professor  Wright  at  70  ft.  a  day.  Professor  Beid*s  careful 
observations,  however,  show  that  this  was  enormously  exaggerated, 
and  that  the  very  highest  speed  is  7  ft.  2  ins.  a  day.  In  a  line  across 
the  glacier,  a  little  above  its  mouth,  the  average  daily  motion  was  as 
follows  :  4  ins.,  2^  ft,  5f  ft,  6^  ft,  4  ft  8  ins.,  6  ft  1  in.,  7  ft  1  in., 
7  ft  2  ins.,  6  ft  2  ins.,  4  ft  9  ins.,  and  7  ins.  The  estimate  of  the 
amount  of  erosion  that  the  glacier  effects  on  its  rock  bed  is  also  of 
interest.  Professor  Beid  estimates  that  it  amounts  to  as  much  as 
three-quarters  of  an  inch  per  annum.  The  paper  is  illustrated  by  a 
series  of  photographs,  which,  though  many  of  them  are  greatly 
over  exposed,  admirably  depict  the  principal  features  of  the  greatest 
of  the  glaciers  on  the  American  mainland.  J.  W.  G. 


coierie^ESiPOisriDEn^OE. 

SHAPES  OF  SAND  GRAINS.    FLEXIBLE  SANDSTONE. 

Sir, — Mr.  T.  Mel  lard  Reade  in  his  interesting  article  on  "Glacial 
Geology,"  in  the  July  Number  of  the  Geologioal  Magazine  refers 
— page  314 — to  the  evidence  afforded  by  the  shapes  of  sand-grains 
in  enabling  us  to  determine  the  marine  or  fresh-water  character  of 
the  deposit  of  which  they  form  a  part.  As  I  have  devoted  many 
years  to  the  study  of  Sands,  perhaps  I  may  be  permitted  to  make  a 
few  remarks  upon  tbe  subject 

Like  Mr.  Mellard  Reade,  I  have  examined  Sands  from  many  parts 
of  the  world,  and  I  can  endorse  his  views  respecting  tbe  (generally) 
more-rounded  appearance  of  marine  sands  than  river-borne  sands. 
I  have  found,  however,  that  nearly  all  river-borne  sands  have  a  large 
percentage  of  cylindrical  and  tabular  grains,  while  in  wave-borne 
sands  (remote  from  rivers)  the  percentage  of  such  grains  is  very 
small.  I  have  frequently  explained  what  I  believe  to  be  tbe  cause 
of  this,  and  thence  the  value  of  the  fact  in  enabling  one  to  distin- 
guish between  those  sands  deposited  by  rivers,  and  those  deposited 
by  waves. 
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Mr.  Mellard  Reade  states  that  "  Blown-sand  of  sand-dunes  is  not 
distinguishably  more  worn  than  the  sand  of  the  shore  from  which  it 
is  derived."  I  do  not  know  what  particular  dunes  are  referred  to, 
but  I  must  say  that  my  experience  is  quite  the  reverse  of  tbis. 
Blown-sands  of  deserts  and  dunes  procured  from  many  parts  of  the 
world  have  never  yet  failed  to  provide  me  with  oharactertstioallj- 
rounded  grains  in  great  abundance. 

Of  course  much  will  depend  on  the  particular  spot  fV^m  whence 
samples  are  procured.  Grains  freshly  blown  up  from  the  shore  on 
to  the  surfaces  of  dunes  would  not  become  appreciably  rounded  until 
they  had  travelled  some  distance  inland,  and  had  been  whirled 
about  in  hollows  and  depressions  for  some  length  of  time.  The 
places  to  find  rounded  grains  of  blown-sand  would  be,  therefore,  in 
such  depressions  some  distance  from  the  shore,  and  I  feel  sure  that 
anyone  collecting  jsamples  from  such  spots  will  confirm  my  opinion. 
It  must  be  clear  that  the  action  of  the  wind  in  tifne,  by  hurling  the 
grains  one  against  the  other,  would  produce  (in  the  case  of  quarts) 
sphericity  through  abrasion,  and  numerous  sands  prove  this. 

A  fact  that  does  not  appear  to  be  known  in  connection  with  grains 
of  blown- sands  is  that  many  of  the  grains  exhibit  the  mcaidd 
markings  so  frequently  seen  on  flint  pebbles,  and  these  markings 
clearly  show  with  what  force  the  grains  have  collided.  I  have 
never  found  these  markings  on  wave-borne  sand  grains,  simply 
because  in  the  denser  medium— water — the  grains  do  not  collide 
with  sufficient  force  to  enable  them  to  become  developed.  Some 
years  ago,  at  St  Agnes,  in  Cornwall,  I  found  a  deposit  of  white 
quartzose  sand  (probably  Pliocene),  the  larger  grains  of  which  were 
covered  with  these  markings,  and  these  alone,  I  considered,  pointed 
to  the  Eolian  character  of  the  deposit. 

Before  we  can  base  any  conclusion — as  to  the  loeaiing  agent  of  a 
particular  deposit — upon  the  rotundity  of  certain  sand-grains  con- 
tained therein,  we  must  satisfy  ourselves  that  such  grains  were  not 
already  rounded  and  polished  in  the  parent  rook  from  which  they 
were  derived. 

In  reference  to  Mr.  Pittman's  letter  on  "  Flexible  Sandstone,"  it 
does  not  appear  to  have  been  noticed  that  nearly  thirty  years  ago 
Dr.  Wetherell  published  an  opinion  that  the  flexibility  was  due  to 
the  grains  being  **  arranged  in  definite  groups  separated  from  one 
another  by  intervening  cavities."  Cboil  CABUS-Wn^sov. 

BouBMEMOUTH,  July  11,  1892. 


SUBTERRANEAN  EROSION  OF  THE  GLACIAL  DRIFT,  A  PROBABLE 
CAUSE  OF  SUBMERGED  PEAT  AND  FOREST-BEDS. 

Sib, — In  December  last  a  paper  under  this  title  was  read  before 
the  Geological  Society  by  Mr.  William  Shone,  F.G.S.,  and  more 
recently  a  resumS  of  it  was  given  to  the  Chester  Natural  Science 
Society.  The  author  described  a  section  at  Upton,  near  Chester,  cat 
by  two  streamlets  through  Boulder-clay  resting  on  a  considerable 
thickness  of  sand.    The  clay  sloped  towards  the  sides  of  the  Btreams, 
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and  Mr.  Shone  stated  that  tbe  percolation  of  water  along  the  sand, 
towarda  the  streamlets,  had  caused  a  suhsidence  of  the  clay  to  the 
amoant  of  thirty  feet.  Not  having  seen  the  section  I  can  give  no 
definite  opinion  upon  it,  hnt  in  the  paper  referred  to  Mr.  Shone 
endeavours  to  explain  the  subsidence  of  the  Peat  and  Forest-beds 
at  Ince,  on  tbe  south  shore  of  the  Mersey,  and  on  the  west  coast  of 
England,  as  having  been  caused  by  the  subterranean  erosion  or 
denudation  of  the  underlying  beds. 

Mr.  Shone  gives  the  section  of  the  Peat  and  Forest-beds  from 
Ellesmere  Port  to  Ince  Ferry  from  my  recently  published  "  Geology 
of  the  Country  around  Liverpool,"  and  assumes  that  the  four  basin- 
like depressions  along  the  Manchester  Ship  Canal  were  caused  by 
subterranean  erosion  and  not  by  the  deposition  of  silt  and  the  growth 
of  peat  between  ridges  of  sandstone.  I  do  not,  however,  see  that 
this  theory  can  be  satisfactorily  applied  to  the  post-Glacial  beds 
referred  to,  for  all  the  conditions  are  very  different  to  those  at 
Upton.  It  does  not  seem  to  be  a  logical  conclusion  to  assume  that 
because  subterranean  erosion  occui-s  at  Upton  in  consequence  of  a 
bed  of  sand  underlying  the  Boulder-day  that  it  also  occurs  at  Ince, 
in  consequence  of  beds  of  grey  silt  and  stiff  clay  underlying  the 
Peat  and  Forest-beds.  Mr.  Shone  refers  to  a  bed  of  sand  between 
the  Boulder-clay  and  the  post-Glacial  beds  at  Ince ;  but  it  is  quite 
a  local  deposit  and  changes  to  a  grey  day  within  about  100  yards, 
and  there  is  no  such  sand  at  Stanlow  and  Ellesmere,  where  the 
same  amount  of  subsidence  is  shown.  It  does  not  seem  possible 
that  the  beds  of  stiff  clay  could  have  been  eroded  beneath  the 
surface  under  an  area  of  several  square  miles  of  country,  not  only 
about  Ince,  but  in  other  similar  areas  near  Liverpool. 

Mr.  Shone's  theory  is,  however,  not  original  in  connection  with  the 
district,  for  in  1854  the  late  Mr.  John  Cunningham,  F.G.S.,  brought 
it  before  the  British  Association,  and,  so  recently  as  1887,  in  a  paper 
read  before  the  Liverpool  Geological  Society,  and  published  in  the 
Proceedings,  on  the  '*  Stanlow,  Ince,  and  Frodsham  Marshes,"  I 
attributed  the  sinking  of  the  land  for  about  fifty  yards  along  the 
edge  of  the  Marshes  to  the  influence  of  water  from  the  river  on 
a  bed  of  sand  underlying  the  grey  clay  and  Peat  and  Forest-beds, 
but  I  afterwards  found  that  the  sand  was  not  persistent,  and  that  the 
slope  of  the  land  towards  the  Mersey  was  probably  the  original 
form  of  the  ^ound.  According  to  Mr.  Shone's  theory  the  surface 
of  the  land  should  fall  rapidly  along  the  edge  of  the  Gk)wy  and 
other  streams,  but  I  have  seen  no  such  subsidence. 

Several  instances  have  been  described  where  the  Peat  and  Forest- 
beds  occurred  on  the  Bunter  Sandstone,  many  feet  below  the  range 
of  the  tides.  About  Ince  these  beds  rest  on  the  rock  in  many  places, 
and  at  various  elevations.  Along  the  shore  on  the  north  of  the 
line  of  section  the  Peat  and  Forest-bed,  with  the  trunks  of  trees, 
was  seen  resting  on  tbe  Boulder-clay,  and  at  the  distance  of  a  few 
yards  on  the  rock. 

The  Boulder-clay  rests  on  sand  in  cliff  sections  in  many  places 
around  Liverpool,  but  I  have  never  seen  such  an  instance  of 
subsidence  caused  by  subterranean  erosion  aa  IhoA.  di^^'dV^^  \y^ 
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Mr.  Shone.  Possibly  I  Diay  have  overlooked  some  similar  section,  bnt 
I  do  not  remember  reading  of  any  such  subsidence  in  older  forma- 
tions. It  is  very  remarkable  that  snch  an  active  agent  has  not  been 
observed  in  the  Tertiary  formations  of  the  South  of  England,  where 
the  beds  of  clay  and  sand  are  similar,  and  occur  under  the  same 
conditions.  6.-H.  Mobtok. 

209,  £dob  Lanb,  Litb&pool. 
July  16M,  1892. 

"  CONE-IN-CONE  "  STRUCTURE. 

Sir, — Observing  that  the  "  Cone-in-Cone  "  controversy  still  goeB 
on  in  the  Geological  Magazine,  I  beg  you  will  permit  me  to 
remark  in  this  connection,  that  the  question  whether  this  puzzling 
formation  occurs  on  both  sides  of  slabs  and  nodular  masses  of  cal- 
careous rocks,  clay-ironstone,  etc.,  t.^.  whether  the  apices  of  the 
layers  of  cones  point  upwards  as  well  as  downwards  or  not,  was  set 
at  rest  long  since,  at  all  events  to  my  entire  satisfaction  [See  Geol 
Mag.  for  January,  1887,  p.  17].  It  seems  to  me  that  Fig.  5  therein 
entirely  upsets  Mr.  Jno.  Young's  theory  of  how  this  rock  was  formed. 

Since  I  resided  in  U.S.A.  my  attention  has  repeatedly  been  called 
to  double  cone-in-cone  (one  layer  over  another,  with  the  cones  set 
in  opposite  directions)  occurring  in  a  certain  bed  of  limestone  in 
the  Lower  Productive  Coal-measures  of  Western  Pennsylvania,  as 
well  as  in  the  Portage-beds  of  the  Devonian  series,  upon  which  the 
place  I  write  from  is  built ;  but  as  yet  I  have  not  had  an  oppor- 
tunity of  demonstrating  that  the  said  double  cone-in-eone  exists,  by 
making  a  photograph  of  same  in  situ,  which  I  mean  to  do  as  soon  as 
possible,  and  send  you  a  copy  of.  I  may,  however,  say  here,  that 
this  variety  of  cone-rock  occurs  both  in  flat  irregular-shaped  nodules 
or  cakes,  and  also  in  beds,  whenever  or  generally  when  the  lime- 
stone-bed it  runs  in  thins  down  to  only  a  few  inches.  I  do  not 
imagine  that  the  cone-in-cone  coat,  spoken  of  by  Mr.  Garwood  in 
this  month's  Geol  Mao.  (July,  1892,  p.  334)  can  be  of  similar  origin 
to  that  so  often  seen  in  clay -irons  tones,  limestones,  etc.  I  think 
Mr.  Garwood's  cone-formation  in  coal  is  what  miners  sometimes 
call  "cockscomb  coal;"  a  structure  commonly  met  with  in  the 
smokeless  coal-beds  of  Glamorganshire,  and  more  rarely  in  anthra- 
cite in  Pembrokeshire.  The  **  Hard  mine  "  seam  of  N.  Stafifordshire 
sometimes  exhibits  a  somewhat  similar  fracture,  and  I  once  detected 
cone-coal  in  the  ordinary  pit-coal  (bituminous)  of  the  '*raain" 
scam  in  Leicestershire.  It  runs  in  the  semi-bituminous  coals  of 
Liege,  Belgium.     I  look  at  it  in  coal  as  a  kind  of  crystallization. 

Erib,  Penna.,  U.S.A.,  W.  S.  Gbesley,  F.G.S. 

UthJuly,  1892. 


We  have  much  pleasm^  in  annomicing  that  the  Queen  has  been  pleased  to  approve 
of  the  following  promotion  in  the  Most  Honourable  Order  of  the  Bath  (Civil 
Division);  to  be  K.C.B.,  Professor  William  Henry  Flower,  C.B.,  F.B.S., 
Director  of  Uie  British  Museum  (Natural  History},  Cromwell  Boad,  S.W. 
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I. — FuBTHKB  Additions  to  Austbauan  Fossil  Eohutoidxa, 

By  J.  W.  Orboobt,  B.Sc.,  F.G.S.  ; 

of  tiie  British  MiiMiim  (Nataral  History), 

(PLATE  XII.) 

DUBINO  the  last  two  years  four  papers  have  appeared  upon  the 
Australian  Gainozoio  Echinoids,  contribated  by  M.  Cotteau,^ 
Frol  R  Tate/ Herr  A.  Bittner,'  and  myself/  These  add  oonsider- 
ably  to  oar  knowledge  of  the  fauna ;  they  show  that  it  is  Eooene 
and  Oligooene,  instead  of  Miooene,  and  that  it  is  remarkably  varied 
and  rioh  in  genera.  I  am  now  able  to  add  one  or  two  more  speoies 
to  the  list,  and  at  the  same  time  take  the  opportunity  of  referring  to 
one  or  two  changes  proposed  by  Prof.  Tate  and  Herr  Bittnet* 

Fam.  LAGANIDiB. 

Gknus,  Laganum,  Gray,  1825. 

J.  E.  Oray.    "An  attempt  to  divide  the  Echinida "    Ann.  Phil.  1826, 

Tol.  X.  p.  428. 

Species,  Laganum  deeagonale,  Lesson.     Yar.  rietum,*  n.  var,  PI,  XII, 

Fig.  1. 

STHomiT  (of  the  species).    See  A.  Agassiz.    Beyision  of  Echinoids.    Illas.  Cat. 

Mas.  Comp.  Zool.  No.  7,  1872,  p.  148. 
8cmUUa  iheagonalU,  Lesson,  1827,  in  Poiret.  Scntello  Diet.  Sci.  Nat.  t.  zlyiii.  p.  229. 
Lagama  dseagona^  Lesson,  1834,  in  Blainrille  Actinologie,  p.  216,  pi.  XTiii.  fig.  3. 
Lagmtum  d^agonum^  Lesson.    L.  Agassiz.   Men.  Echmod.  11.  Scutelles,  1841,  p.  112, 

pL  zxiii  figs.  16-20. 

DiAOMOBis  (of  the  variety). 

Farm  :  elongated  elliptio ;  the  posterior  end  is  longer  and 
narrower  than  the  anterior;  the  anterior  end  is  semicircular;  the 
■idea  taper  backward.  The  base  is  flat ;  the  margins  are  tumid,  and 
ace  separated  from  the  slightly  conical  apex  by  either  a  flat  platform 
or  a  slight  broad  depression. 

1  G.  Cottean.  Echinides  nouTelles  on  pen  connnes.  No.  IX.  M6m.  Soc.  Zool. 
Fiance,  t.  iii.  1890,  pp.  646-650,  pi.  zii.  figs.  13-18.  No.  X.  Ibid,  t.  It.  1891, 
pp.  6*29-630,  pi.  xix.  figs.  10-14. 

'  B.  Tate.  A  Bibliography  and  rerised  list  of  the  described  Echinoids  of  the 
Anstraiian  Eocene,  with  descnptions  of  some  new  species.  Trans.  Boy.  Soc.  South 
Australia,  toI.  xIt.  pt.  2,  1891,  pp.  270-282. 

*  A.  Bittner.  Ueber  Echiniden  des  Tertiars  von  Australien.  Sitz.  k.  Ak.  Wiss. 
"Wien,  Bd.  CI.  Abt.  i.  1892.  pp.  331-371. 

*  J.  W.  Gregory.  Some  Additions  to  the  Australian  Tertiary  Echinoidea. 
Gbol.  Mao.  Dec.  III.  Vol.  VII.  1890,  pp.  481-492,  Pis.  XIII.-XIV. 

*  From  rimgoTi  ridtu,  to  ppen  the  month  widely. 

BSOAOB  in. — ^TOL.  IX.— -KO.  X.  1*^ 
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Ambulacra :  Petals  extend  two-thirds  of  the  distance  from  the 
apex  to  the  ambitus ;  the  lateral  pairs  are  equal  in  length ;  the 
anterior  ambulaoram  is  the  longest  The  petals  are  sharply  closed 
below ;  the  width  of  the  pore  area  expands  rather  grsidaally  to 
the  distal  end  of  the  petal,  then  is  there  closed  somewhat  abruptly. 
The  interporiferous  areas  are  large,  and  taper  slightly  to  the  blunt 
distal  end. 

Apical  Byatem :  at  the  apex  of  the  test  The  madreporite  is  raised, 
large,  and  central.  There  are  four  large  genital  pores.  Of  the 
radial  (ocular)  pores  the  right  antero-lateral  is  very  large ;  those  of 
the  right  postero- lateral  and  left  antero-lateral  ambulacra  are  smsU; 
the  left  postero-lateral  pore  is  not  developed. 

Peri$tome :  mouth  somewhat  pentagonal ;  large ;  the  width  is  half 
as  much  again  as-  the  length.  It  is  situated  before  the  oentre.  There 
are  no  interradial  aotinal  furrows. 

Periproct :  the  anus  is  lai^  and  almost  circular ;  it  is  dose  to 
the  margin.  Dimensions. 

Length      ...        ...        ...        ...        ...        ...    68  xnillini^trGi* 

**  lUwU  ...  ...  ...  ...  ...  ...  OO  ,  y 

Xlwl^IlV  *•«  ...  ...  ...  ...  ...  AM  y) 

Mouth :  width     ...        ...        ...        6         ,, 

ICDKwQ  •••  ...  ...  ...  ...  %  yy 

distance  from  anterior  mar^n 81  ,» 

JLpical  system  :  distance  from  antenor  margin...  81  „ 

Petals:  anterior:            length 22  „ 

width  ...        ...        ...  6  ,, 

antero-lateral:    length SO  „ 

width  ...        ...        ...  6  „ 

postero-Iaferal :   length 20  „ 

width  ...         ...         ...  6  ,, 

•   Distribution. — Cainozoia     Shark's  Bay,  West  Australia. 
Collected  hy  Hakrt  Page  "Woodward,  Esq.,  F.G.S. 

Affinitirs  and  Differences. — The  specimen  on  which  this 
species  is  founded  is  unquestionably  a  very  dose  ally  of  Laganum 
decagonale,  Less.,  though,  as  to  whether  it  should  be  regarded  as  a 
variety  or  a  distinct  species,  I  do  not  care  to  express  an  opinion  on  a 
single  specimen.  It  differs  from  that  species  by  the  elliptical  and 
somewhat  pentagonal  shape  of  the  mouth,  and  the  absence  of  the 
^we  interradial  furrows  which  radiate  from  the  mouth.  The  British 
Museum  contains  a  large  series  of  specimens  of  that  species,  but  the 
circular  form  of  the  mouth  is  constant ;  the  actinal  depressions  do 
vary  in  degree  of  development,  but  I  have  not  seen  one  in  which 
it  is  not  quite  distinct.  These  two  characters  may  not  improbably 
be  of  specific  value. 

The  shape  of  the  test  differs  from  the  normal  decagonal  form ;  bat 
some  specimens  of  the  species  have  a  form  identical  with  the  fossil. 

Herklots  figured  ^  a  specimen  from  the  Java  Tertiaries  as  ScuieUa 
decagona,  n.  sp.,  Martin '  referred  this  to  Peronella  decagonalia,  Ag.f 

^  J.  A.  Herklots.  Fossiles  de  Java.  Ft.  IV.  Echinodermes.  Leyden,  1854,' 
p.  9, 1)1.  i.  fig«.  6,  6a. 

'  K.  MariUn.  Die  Tertiarschichten  auf  Java.  Anhang.  Revision  der  toi| 
Herklots  herauBgegebenen  fossilea  EchinideiL?  Java.    Leyden,  18S0,  p.  3. 
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And  indaded  L.  an^iiZoatiiii,  Herklots,'  as  a  synonym ;  bat  as  Herklots 
neither  figured  nor  described  the  aotinal  side,  a  certain  amount  of 
doabt  most  remain  as  to  the  aocuraoy  of  this  determination.  As 
the  present  variety  differs  from  the  previously  known  species  in  the 
same  points  as  L.  deectganalis,  it  need  not  be  compared  more  closely 
with  them. 

Family,  Cassidulidjb. 

Qenus,  Casaidulus,  Lamarck,  1801. 
SyBt^me  dee  Animanx  sans  Yertdbres.     1801.    p.  348. 

Species,  Cassidului  floreseens,  n.  sp.     PI.  XII.  Figs.  2-4 
Flareico,  to  begin  to  blossom,  refening  to  the  imperfectly  deTeloped  flosoelle. 

DiAOiffORiB. — Outline  seen  from  above  elongated,  tapering  to  the 
anterior  end  ;  the  greatest  width  is  at  the  distal  end  of  the  postero- 
lateral petals.  The  margins  are  long  and  fairly  straight  Tiie  ends 
are  well  rounded.  Seen  from  the  side  it  appears  evenly  rounded, 
except  for  the  flattened  posterior  slope.    The  ambitus  is  tumid. 

The  aotinal  surface  is  concave ;  the  peristome  occurs  at  the  summit 
of  the  depression.     The  median  bare  band  is  imperfectly  developed. 

Apical  system  I  before  the  vertex.  A  large  central  madreporite 
and  four  genital  pores. 

Ambulacra :  Petals  sublanceolate,  flush ;  open  below.  The  anterior 
is  the  longest  The  antero-lateral  pair  is  considerably  shorter  than 
the  postero-lateral  pair. 

Peri$iome :  anterior.  Floscelle  not  well  developed ;  the  bourrelets 
are  massive,  but  not  prominent.     Mouth  pentagonaL 

Anus  oval :  broad  and  large.     The  subanal  groove  shallow,  short 

and  broad. 

Dimensions. 

J.^%!?U&  bU  •••  •••  •••  ••«  ••»  ••• 

Width  :  at  apical  system 

maximum...        ...        ...        ...        ... 

Beight        -...  *      ...        ...        ...        ...        ..I 

Distance  of  apical  system  from  anterior  end 

,,        vertex  „  „ 

„        mouth  „  „ 

Distribution. — Fyans  Ford  Hill,  Moorabool  River;  IJ  miles 
N.W.  of  Geelong.     Middle  Murravian.     (Upper  Eocene.) 

Typb.— Brit.  Mus.  E.     Presented  by  T.  W.  Reader,  Esq.,  F.G.S. 

Affinities  and  Diffcbbnoes. — This  species  is  most  clearly  allied 
to  the  Lutetian  (Upper  Eocene)  Cassidulus  faha,  Defr.^  The  most 
important  difference  between  them  is  in  the  structure  of  the  petals : 
these  are  longer  and  almost  entirely  closed  in  the  French  species, 
whereas  in  the  Australian  form  they  are  almost  open ;  the  anus  is 
also  longer  and  narrower  and  the  test  higher.  Its  shape  resembles 
that  of  Echinobrissus  vincentintis,  Tate,  but  there  is  no  reason  to  doubt 
the  aoouracy  of  Prof.  Tate's  generic  determination.^ 

1  J.  A.  Herklots,  op,  eit.  p.  8,  pi.  ii.  fig.  4. 

'  Defrance  Diet.  8ci.  Nat.  t.  vii.  1817,  p.  227.     For  figures  and  synonvmy  sec 
Cotteau,  Pal.  Fraii9,  Echinides  Eocenes,  1. 1.  1887,  pp.  510-512,  pi  139. 
■  *  !rate,  op.  eit.  p.  280. 
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As  the  species  is  associated  at  Fjan's  Ford  with  SaraeHa  forbett 
(Woods  and  Dune.)  Monostychia  australist  Laube,  and  a  speoimen 
which  is  probably  a  young  Cassidulua  {AuBtralanthus)  lon^anu, 
Greg.y  there  can  be  no  doubt  of  its  age. 

The  reference  to  the  last  named  species  necessitates  the  oonsiden* 
tion  of  the  genus  Australanthus  recently  founded  by  Herr  Bittner 
for  an  Australian  species  described  in  1890  as  Cassidulus  longianMi, 
Herr  Bittner  regards  his  genus  as  apparently  most  allied  to  Hardowimaf 
and  as  intermediate  between  Cassidultu  and  BreyneUa  (EckinanihWt 
I)esor  non  Leske).  In  1890  I  followed  Desor  in  not  aooepting 
Hardouinia;  and  as  I  regarded  the  new  species  as  occupying  the 
same  position  in  relation  to  Ca$Bidulus  as  d'Archiac  and  Haime*8 
genus  held  to  Eehinanthus,  it  did  not  seem  desirable  to  found  a  new 
genus  for  the  species.  The  late  Prof.  Duncan,  however,  finally 
accepted  Hardouinia  as  a  sub-genus,  and  as  it  is  also  adopted  by 
M.  Cotteau  and  Herr  Bittner,  the  current  opinion  is  strongly  in  its 
favour.  As  Breynella  is  a  large  genus,  there  is  much  to  be  said  on 
the  grounds  of  convenience  for  any  sub-genera  that  are  based  on 
characters  that  are  at  all  satisfactory.  The  acceptance  of  Mardamnia 
necessitates  the  adoption  of  Australanthus.  Herr  Bittner  seems  to 
ally  it  most  closely  to  Hardouinia,  I  am,  however,  still  inclined 
to  consider  it  as  nearly  related  to  Ca$ndulu$,  with  which  it  agrees 
in  its  ethmolysian,  or  almost  ethmolysian  apical  system,  in  the 
characters  of  the  tuberculation  of  the  actinal  surface,  in  the  sub* 
petaloid  ambulacra,  and  in  the  forward  position  of  the  anus.  These 
seem  more  important  characters  than  the  large  size  of  the  species, 
and  the  depression  of  the  peristome.  Herr  Bittner  suggests  that  the 
division  may  be  only  sub-generic,  and  as  a  sub-genus  of  Cas$idulut 
1  propose  to  adopt  it. 

Fam.   SPATANGIDiB. 

Schizaster,  sp. 

Mr.  H.  P.  Woodward's  collection  from  Champion's  Bay  includes  an 
internal  cast  of  an  Echinoid  which  is  in  all  probability  a  Schizaster. 
In  the  absence,  however,  of  any  knowledge  in  regard  to  the  fascicles, 
the  generic  position  cannot  be  determined.  Mr.  Woodward^  quotes 
the  genus  Brissus  as  occurring  at  Shark's  Bay;  otherwise  this  is 
the  only  Spatangoid  from  Western  Australia. 

Macropneustes  decipiens  (Tate). 

That  the  Spatangoidea  will  always  be  grouped  mainly  by  the 
arrangement  of  the  fascicles  is  not  at  present  likely  to  be  questioned; 
but  it  is  attended  with  the  disadvantange  that  when  species  are 
descnbed  from  but  one  or  two  specimens,  their  true  generic  position 
is  very  likely  to  be  uncertain.  Thus  the  species  now  known  as 
Sar sella  forbesi  (Woodw.  and  Dune.)  thrice  changed  genus  owing 
to  better  specimens  demonstrating  the  presence  of  fasciolee  not 
shown  in  those  previously  described.  In  Prof.  Tate's  admirable 
Bibliography  and   Kevised   List  of  Australian   Echinoids,  he  has 

^  H.  P.  Woodward,  Western  Australia,  Annual  General  Report  for  1890,  p,  14. 
(Perth,  1891.) 
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ihown  that  a  similar  change  mast  he  made  in  the  position  of 
a  species  which  I  referred  to  Pericofmiu  eomprtBBUB  (Duncan). 
He  removes  the  specimen  figared  to  Eupatagus  on  the  ground  of 
the  toberdes  on  the  abactinal  surface ;  but  this  alone  would  be 
insufficient  to  necessitate  its  removal.  I  have,  however,  worked 
away  the  matrix  covering  the  subanal  area  of  the  type-specimen,  a 
risk  to  which  I  did  not  previoosly  care  to  subject  it.  This  shows 
that  a  subanal  fascicle  is  present ;  the  species  must  therefore  be 
removed  from  the  Prymnadete  to  the  Prymnadesmian  group.  But 
in  Evpatagus  the  species  has  not  reached  its  final  resting  place,  for 
in  that  genus  the  petals  of  the  paired  ambulacra  are  broad  and  flushf 
with  large  poriferous  zones :  in  this  species  tbey  are  long,  narrow, 
and  depressed,  and  the  pores  are  small,  and  not  so  strikingly  dis- 
similar in  size.  It  therefore  belongs  to  the  genus  Maeropneustes, 
which  Prof.  Duncan  regarded  as  only  a  sub-genus  of  Eupatagus,^  but 
which  most  authors  keep  as  a  quite  distinct  genus.  The  synonymy 
of  this  species  will  therefore  be : 

J*&rieosmu$  comjnrettut,  Dimo.  non  M*CoT.    Gregorr,  OsoL.  MikO.  1890,  p.  485, 

PL  XIV.  Fig.  1. 
BupiUagtu  deeipimtf  Tate.    Trans.  Roy.  Soc.  S.  Australia,  toI.  zir.  p.  282, 
MaeropHtuaU&  deeipimu^  Tate.     Gregory. 

DESCRIPTION  OF  PLATE  XII. 
Fio.  1.— Za^oMMM  decoffonale  (Lees.)  Tar.  rietum,  n.  var.    Shark's  Ray,  W.  Australia. 

Figs.   la.  Abactinal  side ;    1^.  Actinal  side ;    1^.  Lateral  Tiew. 

Nat.  size. 
Fi08.  2,  3  and  4. — Catndulus  Jtore$een9,  n.  sp.    Middle  MurraTlan.    Fyan*s  Ford, 

near  Oeelong.    Figs.  2a,  Abactinal  side;    2b.  Actinal  side;   2e, 

Lateral  Wew :  each  X  2  dia. 
Fio.  3a.-^Abactinal  side ;  Zb.  Actinal  side ;  3^.  Lateral  view ;  Zd,  Apical  system : 

X  4  dia.    Fio.  4. — Posterior  fiew  of  another  specimen :   x  2  dia. 


XL — On  Liassio  Ssotions  nbab  Bbidpobt,  Dobsetshibe. 
Ry  John  Fbanois  Walxeh,  M.A.,  F.O.S. 

DURING  my  visits  to  West  Bay,  Bridport,  in  the  years  1887  and 
1888,  I  was  able  to  examine  the  following  inland  sections  of 
the  Lias  Junction  Bed,  and  I  communicated  a  paper  to  the  British 
Association  at  Leeds  in  1890 ;  an  abstract  of  this  paper  appeared  in 
the  Report.  I  had  hoped  to  obtain  more  evidence  of  the  nature  of 
this  deposit,  but,  unfortunately,  last  year,  1891,  I  found  that  the 
working  of  the  Allington  brickfield  was  being  abandoned,  and  that 
it  was  difficult  to  further  work  the  roadside  cuttings  without  doing 
considerable  damage.  I  therefore  think  it  better  to  lay  before  the 
readers  of  the  Geological  Maqazimb  my  notes  on  this  deposit, 
which  I  shall  be  able  to  show  is  variable  in  different  sections,  due 
to  the  amount  of  denudation  which  has  taken  place. 

Several  notices  of  the  Junction  bed  have  been  written,  but  chiefly 
with  reference  to  the  sea-coast  section.  I  will  only  refer  to  those 
required  for  discussion  in  this  paper. 

In  the  Quarterly  Journal  of  the  Geological  Society,  1863,  Mr. 
Day  gave  an  account  of  the  junction  bed  of  the  Upper  and  Middle 

^  M.  Cottaau  has  recently  ffifen  admirable  figures  of  the  ty]^&^c\»&  Macropueu«\.«« 
iuKaytH^  Kg.,  Pal.  Tranif.  JSchinides  Eocenes,  pU  xx^-xxuii. 
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Lias  on  the  sea-ooast  of  Dorset  He  desoribes  it  as  "  a  remarkable 
band  of  stone,  the  lower  part  of  which  is  in  a  great  part  a  ood- 
glomerate,  the  pebbles  being  imbedded  in  a  more  or  less  ferrugi- 
nous matrix  with  Oolitio  granules."  '*  In  places,  howeyer,  this  bed 
assumes  more  the  appearance  of  the  Marlstone  of  other  districts.*' 
The  higher  part  is  composed  of  thin  beds  of  a  hard,  dense,  almost 
ohert-like,  limestone,  separated  by  thin  laminsd  of  yellow  ochreoos 
clay,  the  whole  being  consolidated  into  one  block;  b.e  states  the 
thickness  of  the  Marlstone  and  Limestone  to  be  from  two  to  three 
feet ;  that  AmmoniteB  serpentinum  {falciferum)  occurs  in  the  lower 
part  of  the  Upper  Lias  Limestone  in  some  abundance,  though  badly 
preserved,  and  considers  denudation  of  that  bed  had  taken  plaoe. 

This  junction  bed  is  also  well  described  by  H.  B.  Woodward,  ia 
his  valuable  work  on  "The  Geology  of  England  and  Wales,"  "as. 
a  pink  and  cream-coloured  limestone  in  the  upper  part,  and  a  brown 
nodular  marlstone  below."  Mr.  S.  S.  Buckman,  in  a  paper  (Quart 
Journ.  Geol.  Soc.  1890),  refers  to  this  rock,  and  states  the  limestone 
of  the  fallen  blocks  is  in  two.  layers,  Mildocenu  h%/ron$  being, 
dominant  in  the  upper  layer,  and  Harpoeeras  falciferum  in  the  lower. 

I  have  very  little  to  add  to  these  remarks  on  the  sea-ooast  section, 
except  that  I  have  found  blocks  of  the  limestone  four  feet  thick, 
generally  cream-coloured  in  the  upper  and  pink  in  the  lower  part, 
and  that  the  sandy  part  is  sometimes  a  conglomerate^  txki  «t*etheF 
times  a  marlstone,  as  pointed  out  by  Mr.  Day.  Blocks  of  this  stone 
were  collectetd  from  Down  Cli£fs  and  under  Thomoombe  PmooDi^ 
and  used  for  building  walls  at  Chideock,  hence  the  foBsila  in  old 
collections  are  labelled  from  Chideock. 

The  following  are  the  Inland  Sections  which  I  have  examined :— ' 

I. — The  roadside  cutting  at  North  Allington  below  the  brickfield 
(1887) : 

A.  Clay,  worked  as  a  brickfield. 

B.  (1)  White  limeetone       

\*')  wiay    •••  ..•         «*.         •••         ...         ••>         ■»« 

(3)  Brown  and  red  limestone     

(4)  Marlstone      ...         ...         ...         ... 

V' •  Danny  v^iay   ...         ...         ...        ...        ...         ... 

B.  Brown  sandy  limestone,  blue  in  centre 

£.  About  two  yards  of  sandy  marl,  partly  covered  with 

grass  and  roadside  scrapings 

F.         Brown  friable  sandstone 

From  the  brickfield  I  obtained  a  block  of  stonCi  probably  from 
the  next  stone  band,  which  contained  Monotis  imequivalvU  and 
lihjnchonella  amalthei. 

The  fossils  which  I  have  been  able  to  determine  from  bed  D  are : 


ft. 

m. 

0 

8 

0 

1 

0 

11 

0 

8 

8 

S 

0 

6 

6 

0 

2 

1 

Uhynehonella    tetrahedrOy   var.    Norths 

amptonensis. 
Rhynehonella  furcillata, 
Waldheimia  {Zeilleria)  perforata^  var. 
Spiriferina  pinguia. 
Monotit  inaquivalvU. 


Pteteriy  sp. 
Flicatula  spinosa, 
Fholodomya  ambigua, 
Fleuroniya  coatata. 
Belemnitea  paxilio»u9. 


About  one  foot  of  the  clay  above  this  stone  band  contained  the 
same  fossils,  and  others  which  were  too  imperfect  to  name. 


J.  F.  Walktr—Liawie  Sediotu  near  Bri^rt.         439 
This  bed,  D,  probably  belongs  to  the  upper  part  of  the  Margaritatua 

It  was  impoaaible  to  work  the  pink  and  white  rooks  without 
^trojing  the  bank  od  the  roadside.  I  was  unable  to  obtain  any 
fo8«Ia  from  the  brick-olay,  although  I  told  the  workmen  to  search 
for  them. 

The  ohief  interest  of  this  section  is  that  it  shows  a  division  in 
the  stone  band,  and  the  position  of  the  Mone  band  D,  whioh  oontaina 
foBsila  that  correspond  to  those  foand  on  the  beach  in  a  bed  of 
brown  sandy  limestone. 

II.  In  the  field  opposite,  which  was  formerly  worked  as  a  brick- 
field, aboDt  15  feet  of  briok-olay  having  been  removed,  the  following 
section  was  exposed  in  1^88 : 

ft.  in. 

A.  1.  Surface  wtil 

■     2.  Clay      

S.  Femirinoiu  marl 

B.  1.  Hardlimealone 
S.  HulaloiM         

C.  SandjteUjt      


SSCIION  IT  NotCTK   ALLINOTON. 

{From  a  pholognph  by  Un.  E.  Peoton.) 
I  obtained  the  following  fossils  from  the  loose  blocks  of  marlslone : 

Shynchmtella  ttlTokedra. 

——  egretta,  1BI. 
TtrrbralHU  punctata. 
Spirifitum  rflmta. 
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From  the  lower  part  of  the  hard  limestone : 


RhynehontUa  Bouehardi. 
Waldhtimia  Lyeetti 


AtnmoniUs  {Hildoeeroi)  bifroHM. 
Ammonitet  (Harpoeermd)  faleiftrum. 


*•• 


And  from  the  Upper  part  Ammonites  (ffarpoeeras)  striatvlum,  Mr.  H. 
B.  Woodward  also  records  the  oocurrence  of  this  Ammonite  at 
Allington.  It  will  be  observed  that  the  thickness  of  the  bed  B, 
including  the  marlstone,  is  only  1  foot  8  inches ;  in  the  section  on 
the  other  side  of  the  road  it  was  2  feet  4  inches,  bat  the  bed  was 
probably  thicker  in  some  parts  of  this  field,  as  I  was  informed  that 
large  quantities  of  stone  were  formerly  obtained  from  it.  The 
Marlstone  fossils  in  this  quarry  were  not  found  mixed  with  Upper 
Lias  species  in  the  same  blocks  of  stone. 

There  is  an  indication  of  the  presence  of  the  Jurenae  sone  in  the 
upper  part  of  the  stone  band. 

Some  peculiar  forms  of  Brachiopoda  ooour  in  this  qnaxry  which 
require  careful  study. 

III. — A  deep  cutting  in  Shoots  Lane,  Symondsbury,  which  was 
overgrown  with  vegetation,  appeared  to  show  the  following  sections : 

ft.  in. 

(1)  Sandjclaj,  OTorgrowD,  about...        ... 10    0 

(2)  Bark  femiginouB  rock  containing  nodules  and  worn 

small  specimens  of  Ammonites  {Hildocerat)  h^finmt      0    5 

i3)  Light  coloured  stone ...      1    2 

4)  Stone  band  (in  three  dlTiriona)  ...        ...        •.•      1    6 

{fiS  Marlstone 

(61  Soft  brown  sandj  stone 

yii  v/iay       ..,        ,.,        ,,,        ,,, 

(8)  Oyergrown       

This  section  was  again  carefully  measured  by  the  Rev.  J.  L. 
Tenipler  and  myself  in  1891.  The  chief  peculiarities  are — the 
occurrences  of  a  conglomerate  bed  above  the  junction  bed  containing 
worn  specimens  of  Hildoceras  htfrons.  Mr.  S.  S.  Buckman  kindly 
examined  these  specimens  and  agreed  with  my  determination  of 
tliem  ;  this  indicates  that  while  this  bed  was  being  deposited  in 
this  section,  denudation  of  the  bifrons  zone  was  taking  place  else- 
where. The  junction  bed  appears  to  be  represented  by  the  three 
stone  bands. 

llie  marlstone  contains  Bhynchonella  serrata  in  its  upper,  and 
BhynchoneVa  tetrahedra  in  its  lowest  part.  Should  this  lane  ever 
have  to  be  widened  no  doubt  many  fossils  will  be  found. 

IV. — In  the  year  1887,  the  supply  of  stone  from  the  Forest 
Marble  having  fallen  short,  a  hole  was  made  on  the  roadside  of 
Shipton  Long  Lane,  Bothenhampton,  for  road  metal ;  unfortunately 
the  police  ordered  this  hole  to  be  filled  up  before  it  had  time  to 
weather.  It  was  about  5^  yds.  long,  8  yds.  wide,  and  6J  ft.  deep, 
which  is  equal  to  between  30  and  40  cubic  yards  of  solid  stone.  It  was 
all  in  one  block  and  required  11  lbs.  of  gunpowder  to  blast  it.  From 
information  obtained  from  the  workman,  by  measurement  of  the 
blocks  and  many  days'  work  at  breaking  them  and  carefully  collect* 
lug  the  fossils,  the  following  appeared  to  have  been  the  seotion  :-^ 


2  11 
0  4 
0  6 
8    4 
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ft.  in. 

fl)  Unfotriliferoiis  sftndstone,  about  0  4 

[2)  Top  band  of  white  stone  1  0 

[3)  Brown  stone       ...        ...        ...        ...        ...        ...  1  0 

r4^  Brown  conglomerate  often  with  pink  stone  at  the  base  2  0 

[6)  MarlstOne  1  0 

[6}  Blue  onfoasiliferoaB  limestone 0  8 

The  above  may  be  regarded  as  the  average  thickness  of  the  bed. 

The  blue  lime$ione,  which  the  workman  said  was  the  base  of  the 
yock,  was  ooated  on  its  lower  surface  with  calcite,  and  rested  on  sand. 

The  MarUUme  was  of  the  osual  brown  colour,  becoming  yellow 
and  more  friable  in  some  blocks,  but  towards  its  upper  part  was 
redder,  and  appeared  in  many  blocks  to  gradually  pass  into  the  pink 
limestone  which  generally  occurred  at  the  base  of  the  conglomerate ; 
the  pink  rock  appeared  to  have  been  slowly  deposited  on  the  surface 
of  the  marls  tone. 

The  Conglomerate  bed  varied  in  colour,  being  mostly  brown, 
differing  from  the  marlstone  in  being  harder  and  of  a  lighter  colour; 
in  some  parts  it  had  a  greenish  tint ;  its  lower  part  was  a  pink  rock 
with  Oolitic  grains,  in  the  upper  part  it  contained  nodules,  and  some 
of  the  blocks  were  perforated  by  boring  shells.  Above  this  was 
a  light  brown  stone  which  joined  the  hard  cream-coloured  stone. 
The  top  bed  was  an  unfossiliferous  sandstone  which  reached  the 
surface  of  the  road. 

The  fossils,  especially  the  Brachiopoda,  were  carefully  collected 
by  breaking  the  blocks ;  after  a  few  days'  work  we  were  able 
to  sort  the  blocks,  and  to  tell  what  species  they  would  contain. 
No  specimens  of  Vertebrata  were  obtained.  Many  specimens  of 
Gasteropoda  were  found,  but  owing  to  the  hardness  of  the  rock  it 
was  impossible  to  extract  them  entire.  It  also  contained  several 
species  of  Pecten,  Lima,  etc. 
•  The  Marlstone  contained  in  its  lower  part : 


Bpiriferina  rostraia. 
£hyneh<mella  Utrahedra,  Sow. 

egretta  ?  E.  Deal 

Terebratula  punctata^  Sow. 

. gp.  (21  Jauberti)  ?  E.  Deal 

-  idwardsiif  Dav. 


Waldheimia  {AuiaeothifrU)  rewpinata. 
Sow. 

— — {Aulaeothyris)  Mooreif  Desl, 

(ZeiUeria)   indentaia,  var. 


Sow. 


>  ZeiUeria) ,  sp. 
subnumismalit,  Dar. 


Along  with  Ammonites  (Amaltheus)  spinatus. 

In  the  upper  part  of  the  Marlstone  Rhychonella  aerrata,  Sow. 

Remarks, — It  will  be  noticed  that  Bhyn.  Berrata  occurs  in  the 
upper  part  of  the  Marlstone.  It  is  stated  by  Mr.  0.  Moore  to 
occupy  the  same  position  near  Ilminster;  this  species,  generally  a 
rare  fossil,  was  very  abundant  I  obtained  nearly  200  specimens, 
more  or  less  perfect,  in  a  bed  about  three  inches  thick.  It  will  be 
remembered  that  the  area  of  the  pit  was  about  seventeen  square  yards. 
Some  varieties  of  Bhyn,  serrata  show  that  it  is  related  to  Bhyn, 
qtUnqueplicata,  Quenstedt. 

Bhynchonella  tetrahedra  was  not  common,  and  was  a  fine  ribbed 
variety. 

BhyncJu)nella  egretta?    This  species  is  referred  by  Davidson  in 
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his  OoL  Suppt.  to  Rhyn.  egretta ;  but  some  specimens  closely  resemble 
E.  Deslongchamp's  figure  of  Rhynehonella  Jallax :  it  will  have  to  be 
compared  with  the  French  specimens,  which  are  very  difficult  to 
obtain  ;  it  is  a  very  variable  form. 

Mr.  Day  gives  Rhynehonella  acuta  from  the  Down  clififs,  where  I 
have  also  found  it.  - 1  did  not  see  a  fragment  of  it  in  this  section. 
There  is  a  remarkable  form  of  Ter^ratula,  of  which  I  obtained  thrM' 
perfect  specimens,  probably  a  variety  of  T,  Jauberti,  £.  DesL 

Waldheimia  (Atdacothyris)  resupinata  does  not  appear  to  have 
been  found  by  Mr.  Day,  as  he  states  it  is  altogether  absent  in  the  sea- 
ooast  section.  It  is  rare  at  Bothenhampton ;  I  only  obtained  eight 
specimens,  two  of  which  were  imperfect ;  it  agrees  with  the  South 
Petherton  form. 

Waldheimia  fAulaeothyrisJ  Moorei,  one  typical  specimen. 

Waldheimia  fZeilleriaJ  indentata^  rare,  a  wide  variety. 

Waldheimia  fZeilleriaJ  sp,  this  may  be  new,  it  is  nearest  to  7F.  $ealpnU, 
Ouentitedt.  It  is  a  small  triangular  form  belonging  to  the  W.  Waterhoutei  sad 
W  digona  group. 

Waldheimia  ^ZeilleriaJ  tubnumismaliif  rare,  and  not  so  fine  as  those  of  the  eoeit 
section. 

The  Conglomerate  bed,  in  its  lower  part,  contained  in  some  blocks 
large  quantities  of  a  Betemnite  probably  B.  paxilloBus;  also  worn 
specimens  of  Ammonites  (JETarpoceras)  faiciferum.  But  in  many 
blocks  the  pink  stone  rested  upon  the  Rhynehonella  serraia  bed, 
the  Ammonites,  which  occurred  very  abundantly,  were  Ammoniiei 
(Hildoeeras)  bifrons ;  they  are  fine,  large,  and  very  well  preserved 
specimens,  although  difficult  to  extract  on  account  of  the  hardness  of 
the  matrix ;  they  are  filled  with  the  pink  rock,  showing  them  to  be 
of  the  age  of  that  deposit. 

The  Bracliiopoda  in  the  pink  rock  were  Rhynehonella  Bouchardij 
Dav. ;  Rhynehonella  Moorei,  Da  v.;  Waldheimia  (Zeilleria)  Lyceiti,  Da  v. 

Rhynehonella  Bouehardi  was  the  most  abundant  species,  and  ex- 
hibited all  the  varieties  which  occur  in  the  same  horizon  near 
Ilminster.  Rhynehonella  Moorei  was  rare  and  smalL  Waldheimia 
Lyeetti  was  of  the  typical  form,  and  also  resembled  the  Ilminster 
specimens.  A  few  specimens  of  a  variety  of  Ammonites  (SlephanO' 
eeraa)  eommuniSy  and  a  large  NautilnSf  occurred  sparingly  in  tbei 
conglomerate  bed,  generally  of  a  yellowish  colour. 

In  the  brown  stone  over  the  conglomerate  fine  specimens  of 
Ammonites  (Grammoeeras)  ThouareensCj  d*Orb.,  were  obtained.  In 
the  hard  white  stone  Ammonites  Germanic  d'Orb.,  were  found  in  a 
very  fine  condition,  and  exactly  resemble  d'Orbigny's  figures  in 
the  Paleontologie  Fran^aise.  This  species  is  considered  by  some 
authors  to  be  the  same  as  Ammonites  hireinus  of  Schlotheim.  The 
presence  of  these  Ammonites  shows  that  the  Jurense  zone  is  here 
represented. 

A  curious  Rhynehonella,  character  ill-defined,  occurs  in  the  brown 
rock,  and  appears  to  extend  downwards  into  the  conglomerate  bed ; 
■Otne  of  the  specimens  seem  to  agree  with  Rhynehonella  jurensisi 
Quenstedt,  but  they  are  generally  more  globose  and  lai^er  ahellSf 
"   '  v»r.  Bothenhamptaneniis. 
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'  Ko  specimens  of  marlstohe  Bradiiopoda  or  Cephalopoda  were* 
found  in  the  Conglomerate  bed. 

The  resolto  I  arriye  at  are — (1)  That  the  true  Marlstone  exists  in 
the  lower  part  of  the  stone  band  containing  its  oharacteristio  Brachio- 
poda  and  A.  BpinatuB\  the  upper  part  being  full  of  Bhynehonella 
serrata,  whioh  is  often  overlain  by  a  pink  rock  of  the  zone  of 
Rhifnchonella  Bauehardi. 

(2)  That  the  conglomerate  bed  in  the  Bothenhampton  section- 
ra  not  older  than  the  age  of  Ammonites  hifram — the  zones  of 
Ammonites  faldferum  and  Ammonites  communis  having  been  denuded 
and  their  worn  fossils  deposited  in  this  bed.  That  in  other  looalitieB 
the  zone  of  Am,  hifrons  has  been  denuded.  > 

(8)  That  no  fossils  derived  from  the  marlstone  were  found  in  the 
conglomerate ;  and  as  so  many  fine  specimens  of  BhynehoneUa  serratd 
were  found,  it  is  probable  that  the  marlstone  did  not  suffer  denuda-: 
tion  in  this  locality.  We  know  from  sections  round  Ilminster  that 
Bhynehonella  serrata  is  only  found  in  the  upper  part  of  the  marlstone.. 

(4)  That  the  section  at  Bothenhampton  showed  that  the  zone  of 
A,  jwrensis  formed  the  upper  part  of  the  rock  band. 

In  conclusion,  I  regret  that  want  of  material  prevented  my  paper- 
being  more  complete ;  but  I  must  thank  my  Bridport  friends  for 
their  kindness  in  affording  me  facilities  for  examining  these  beds,  and 
hope  that  they  will  carefully  record  any  excavations  whioh  may  be' 
made  in  this  interesting  deposit 
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III. — FuBTHSB  Remarks  on  the  Coniston  Limestone. 
By  J.  E.  Marr,  M.A.,  F.R.S.,  Sec.G.8. 

QUITE  agree  with  Mr.  Ooodchild's  statement  in  the  July 
Number  of  the  Gbol.  Mag.  that  the  stratigraphy  of  some  of 
the  areas  in  which  the  Coniston  Limestone  Series  is  developed 
^*  presents  very  considerable  difficulties,"  so  much  so  that  in  the 
areas  of  Cross  Fell  and  Settle  portions  of  the  "country  might  be 
described  as  consisting  of  a  gigantic  fault-breccia,"  and  that  it  is 
necessary  "to  go  over  a  large  part  of  this  faulted  area  again  and 
again  "  in  order  to  interpret  its  structure.  I  do  not  know  whether 
Mr.  Goodchild  would  class  me  amongst  the  **  less  fortunate  "  ones 
who  have  not  been  over  the  ground  again  and  again ;  possibly  I 
have  not  devoted  the  amount  of  time  whioh  he  has  been  able  to 
give  to  the  study  of  the  rooks  of  the  Cross  Fell  Inlier,  but  it  must 
be  remembered  that  Prof.  Nicholson,  with  whom  I  had  the  pleasure 
ef  working  at  this  inlier,  has  returned  to  the  ground  again  and 
again  during  a  long  course  of  years,  whilst  more  recently,  he  and 
I  have  devoted  several  vacations  to  its  study,  and  we  have  carefully 
compared  the  beds  and  their  fossils  with  those  of  adjoining  and 
more  distant  areas.  Under  these  circumstances  we  are,  perhaps, 
justified  in  speaking  with  some  confidence  as  to  the  order  of  suo- 
oession  of  the  series ;  for  our  knowledge  of  adjoining  regions  would 
certainly  lead  us  to  place  more  reliance  on  the  fossils  of  the  beda 
than  on  the  apparent  succession  of  the  beds  themselves,  where  tha. 
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oountrj  partially  resembles  ''a  gigantio  fault-breocia.**  Doabtlen 
we  have  made  mistakes,  and  shall  willingly  acknowledge  them^ 
when  proved  by  ourselves  or  others,  but  proof  is  oertainly  required, 
and  for  my  own  part  1  must  demur  to  Mr.  Goodchild*8  "  corrections " 
when  they  are  only  matters  of  personal  opinion.  When  be  pablishes 
bis  evidence,  if  it  is  convincing,  I  will  accept  the  "  corrections,"  but 
until  then  I  prefer  our  own  conclusions,  arrived  at  after  consider* 
able  study  of  included  fossils,  as  well  as  of  the  rocks  themselves. 

Mr.  Goodchild  chiefly  comments  upon  our  interpretatioD  of  the 
rocks  of  the  Cross  Fell  Inlier,  and  adds  some  remarks  upon  my 
notes  of  the  Craven  area.  It  will  be  convenient  to  oonsider  hu 
comments  upon  each  of  these  areas  in  turn. 

The  Bala  rocks  of  the  Cross  Fell  Inlier.  — Mr.  Goodchild  states  that 
for  **  field  purposes  "  it  is  sufficient  to  divide  these  rocks  into  a  lower 
shaley  and  an  upper  mainly  calcareous  series,  and  that  "  any  local 
change  from  argillaceous  to  calcareous  is,  as  might  be  expected, 
accompanied  by  a  corresponding  change  in  the  fossils.'*  If  this  be 
BO,  the  fossil  lists  in  our  paper  on  *'  The  Crass  Fell  Inlier  "  most  be 
entirely  incorrect,  and  our  work  practically  worthless.  Our  principal 
aim  was  to  show  that  the  Coniston  Limestone  Series  waa  divisible 
into  three  main  groups,  which  I  have  referred  to  in  my  paper  in  the 
March  Number  of  the  Gkologioal  Magazins  as  the  Roman  Fell, 
the  Sleddale,  and  the  Ashgill  groups.  Each  of  these  groups  con- 
tains both  calcareous  and  argillaceous  members,  yet  the  fauna  of 
eaoh  group  differs  markedly  from  that  of  the  other  two,  whilst  the 
calcareous  and  argillaceous  members  of  each  have  usually  many 
fossils  in  common ;  this  will  be  seen  by  examination  of  our  fossil 
lists,  and  I  appeal  to  them  as  evidence.  Not  only  are  the  fossils 
of  the  various  groups  difierent  (whatever  may  be  the  litbological 
characters  of  the  component  beds  of  each),  but  we  have  shown  that 
the  faunas  follow  one  another  in  an  order  corresponding  with  that 
observable  in  the  equivalent  beds  at  home  and  abroad.  Previoas 
experience  warrants  one  in  accepting  such  order  in  a  complex 
district,  rather  than  a  division  sufficient  for  ''field  purposes,"  in 
support  of  which  no  palseontological  evidence  is  advanced.  I  may 
notice  that  in  Swindale,  which  shows  the  most  complete  section  of 
the  Bala  rocks  in  the  Cross  Fell  Inlier,  the  actual  order  of  succession 
is  that  which  we  have  inferred  from  the  fossil  contents  of  the  strata. 

Mr.  Goodchild  believes  that  the  Eeisley  limestone  belongs  to  a 
higher  part  of  his  mainly  ''calcareous  series  than. has  been  left  hy 
pre-Silurian  denudation  elsewhere  in  the  area  under  notice."  From 
this  remark  and  the  insertion  in  his  table  on  p.  298  of  an  unoon* 
formity  between  the  Silurian  rocks  and  the  Coniston  Limestone 
Series,  it  would  appear  that  he  considers  that  there  was  denudation 
of  the  Coniston  Limestone  beds  before  the  deposition  of  the  Stockdale 
Shales.  Will  he  give  his  evidence  for  this?  He  states  that  the 
Keisley  Limestone  is  "  faulted  in  all  round,"  so  that  there  can 
hardly  be  evidence  at  Eeisley  itself.  The  only  localities  we  have 
seen  in  the  Cross  Fell  area  where  the  Skelgill  Beds  are  shown,  viz. 
Bundale  Beck,  the  slopes  of  Dufton  Pike,  and  the  Alston  Moor  roadi 
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near  Melmerby,  do  not  exhibit  tbeir  relationships  to  the  underlying 
series,  and  in  the  adjoining  Lake  District  there  is  perfect  conformity 
between  the  highest  member  of  the  Coniston  Limestone  series  (the 
Ashgill  Shales)  and  the  Skelgill  Beds,  yet  the  fauna  of  the  Ashgill 
Shales  is  not  that  of  the  Eeisley  Limestone,  and  an  analysis  of  the 
forms  of  the  latter  indicates  that  it  is  distinctly  on  a  lower  horizon 
than  the  Ashgill  Shales  (which  are  found  in  the  Cross  Fell  area  in 
Swindale). 

On  p.  296  Mr.  Gtoodchild  states  that  he  believes  the  volcanic  rocks 
of  Dufton  Pike,  eta,  are  **  of  pyroclastic  origin  everywhere  in  this 
area,"  but  he  gives  no  evidence  for  this  belief,  which  is  directly 
opposed  to  Mr.  Barker's  opinion  of  the  nature  of  these  rocks  (see  his 
Appendix  to  our  paper  on  the  Cross  Fell  Lilier),  based  on  careful 
microscopic  examination. 

Mr.  Goodchild  next  notices  at  some  length  the  geology  of  the 
slopes  of  Eoman  Fell,  but  he  only  gives  the  '* facts  as  they  appear'* 
to  him.  Professor  Nicholson  and  myself  have  re-examined  tlie 
Roman  Fell  rocks  since  the  reception  of  Mr.  Gk)odchtld's  letter 
containing  *'  the  friendly  hint."  We  are  willing  to  admit  that  our 
map  of  the  Boman  Fell  country  is  too  generalized  (though  it  was 
distinctly  stated  that  it  was  a  sketch-map  for  temporary  use  prior  to 
the  publication  of  the  Geological  Survey  Maps),  but  we  do  not  see 
that  our  general  conclusions  are  thereby  affected. 

There  is  probably  a  cross  fault  between  the  Dufton  Shales  of 
Hilton  Beck  (Mr.  Gkx>dchild's  Helton  Beck)  and  the  rocks  further 
south,  causing  the  latter  to  be  shifted  back  to  the  east,  so  that  the 
corona  beds  should  not  be  taken  below  the  Hilton  Shales  in  the 
course  of  the  stream.  But  we  cannot  recognize  any  evidence  of 
the  intercalation  of  volcanic  beds  between  two  bands  containing 
Trematts  corona,  for  the  volcanic  rocks  on  the  east  side  of  the  Seat 
seem  to  us  to  be  distinctly  connected  with  the  Skiddaw  Slates, 
and  to  occur  on  the  east  side  of  the  Enock-Flagdaw  fault.  We 
did  not  go  over  this  part  of  the  ground  before  our  paper  was 
written,  as  our  object  was  not  a  minute  description  of  the  sedi- 
mentary and  volcanic  rocks  of  the  Skiddaw  Slate  Series.  Whilst, 
therefore,  I  see  no  objection  to  the  intercalation  of  volcanic  rocks 
in  the  Corona  beds  (it  is  well  known  that  they  are  intercalated  on 
more  than  one  horizon  between  different  sedimentary  bands  of  the 
Sleddale  group),  I  am  not  convinced  that  such  occurs  on  Roman  Fell, 
though  we  have  recently  re-examined  the  ground  for  this  special 
purpose.^  When  Mr.  Goodchild  remarks,  however,  **I  more  than 
suspect  that  these  Helton  Moor  volcanic  rocks  are  the  equivalents  in 
time  of  those  I  named  the  Rake  Brow  Series,"  which  he  has  else- 
where identified  with  the  volcanic  rocks  of  Eycott  Hill,  we  look 

*  Mr.  Ooodchild  appears  to  hare  misunderstood  Prof.  Lapworth*8  information 
about  the  Corona  beds,  for  Prof.  Lapworth  tells  me  he  knows  of  no  corona  beds  at 
Girran,  or  elsewhere  in  Scotland.  Perhaps  Mr.  Goodchild  refers  to  the  occurrence 
of  two  bands  of  Trematia  in  the  Shropshire  area,  which  Prof.  Lapworth  tells  me  hs 
has  found  there.  In  quoting  so  eminent  an  authority  as  Prof.  Lapworth  in  support 
of  a  controversial  point,  surery  we  are  justified  in  expecting  that  a  correct  version  of 
Prof.  Lapworth's  statement  should  be  giren. 
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forward  eagerly  to  the  pnblicatioii  of  the  evidenoe  on  which  ht 
relies,  as  the  posidon  of  the  Eyoott  groop  is  one  of  the  moet  important 
problems  in  Cambrian  Geology,  and  there  are  serioua  diffioaltiet 
in  the  supposition  that  the  equivalents  of  the  Eyoott  Hill  rooks  are 
anywhere  intercalated  between  beds  oontaining  the  Corona  fauna. 

I  may  here  correct  one  statement  made  in  our  paper  on  the  Cross 
Fell  Inlier.  The  volcanic  rooks  aonth  of  Lycum  Sike  (which  sre 
very  rotten)  are  not  the  Dufton  rhyolitic  rocks.  As  they  sre 
faulted  against  the  beds  further  north,  their  position  does  not, 
however,  afifect  the  main  question  as  to  whether  volcanic  rooks  oocor 
intercalated  between  two  sets  of  strata  oontaining  TremaiU  eoroiui. 

The  term  Corona  beds  is  objected  to,  because  of  the  stated  inters 
halation  of  volcanic  rocks  between  two  Corona  beds,  and  because 
'*  Trematia  corona  occurs  in  the  Coniston  shales  in  several  localities." 
I  cannot  see  that  the  term  is  inappropriate,  even  if  an  intercalation 
of  volcanic  rocks  splits  them  up  (wluch  we  do  not  admit).  As  to 
the  occurrence  of  Corona  in  the  Coniston  shales,  we  maintain  that 
it  is  limited  to  that  portion  of  the  Coniston  shales  which  we  have 
termed  '*  Corona  beds,"  and  shall  continue  to  do  so  until  definite 
evidence  to  the  contrary  is  adduced,  for  the  fauna  of  the  Corona  beds 
is  quite  dififerent  from  that  of  higher  members  of  the  Coniston 
Limestone  series. 

Mr.  Gk)odchild  fails  to  see  any  reason  why  the  Corona  beds  "  may 
not  be  contemporaneous"  with  the  Drygill  beds  of  the  Caldbeck 
Fells.  A  very  good  reason  is  that  they  only  contain  one  fossil  itf 
common,  viz.  the  Brachiopod  OrthU  iesitidtitarta,  which  ranges 
thi'ough  Llandeilo  and  Bala  rocks,  and  that  the  other  fossils  indicate 
Ik  different  horizon  from  that  occupied  by  the  Corona  beds. 

The  Craven  area. — Little  need  be  said  concerning  the  rocks  of 
this  area.  My  expression  of  opinion  as  to  the  age  of  the  Ingleton 
green  slates  is  of  little  value  until  the  evidenoe  is  published,  and 
I  should  not  have  ventured  any  opinion  had  that  of  previous  writers 
been  unanimous.  I  have,  however,  at  various  timea,  both  alone 
and  in  company  with  Prof.  Nicholson,  examined  the  rocks  of  the 
Jngleton  area  with  a  view  of  finding  the  asserted  pcMsage  from  the 
Ingleton  green  slates  into  the  Coniston  Limestone  series,  and  have 
seen  no  proofs  of  such  passage. 

The  Ingleton  green  slates,  or  rather  the  coarser  bands  in  themi 
are  marked  by  an  abundance  of  detrital  mica,  a  mineral  which  is 
conspicuous  by  its  absence  amongst  the  volcanio  rooks  of  the  Lake 
District.  Also,  whatever  the  Ingleton  slates  are,  they  have  under- 
gone very  considerable  alteration  by  pressure  metamorphism  since 
their  deposition,  a  metamorphism  which  seems  at  first  sight  far 
greater  than  that  which  affects  the  rocks  of  the  Coniston  Limestone 
series.  I  am  content  to  await  the  judgment  of  petrologists  on  this 
point. 

The  concluding  paragraph  of  Mr.  Goodchild's  paper  contains  a 
truism.  But  whether  the  persistent  types  of  the  Ordovician  rocks 
are  found  in  Craven  and  within  the  Cross  Fell  Inlier  is  another 
matter.     I  have  not  dwelt  on  the  subject  because  I  do  not  consider 
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that  tbe  time  has  jet  oome  for  doing  bo.  The  work  which  I  have 
done  in  the  Lake  Distriot,  both  alone  and  with  Prof.  Nicholson  and 
Mr.  Harker,  is  merely  preliminary  to  the  elucidation  of  the  general 
history  of  the  district.  Much  remains  to  be  done,  both  by  careful 
microscopio  study  of  the  rocks  and  by  examination  of  all  the 
available  fossil  evidence,  before  the  full  history  of  the  rocks  of  the 
Lake  District  and  adjoining  areas  can  be  written.  Mr.  Gk)odchild 
has  given  us  his  interpretation,  though  without  full  discussion  of 
the  paliBontologioal  evidence.^  Whether  that  interpretation  is  correct 
time  alone  will  show,  but  in  the  meantime  I  shsll  bow  down  to  no 
conclusions  which  are  not  fully  supported  by  the  evidence  of  the 
fossils,  for  the  past  history  of  geology  shows  us  the  errors  which 
have  arisen  from  misinterpretation  of  such  evidence. 


IV.^— NOTS  ON   A   GbAVITB  JuNOnON   IN  THB  BoSS  OF  MULL. 

By  J.  O.  OooDCHiLD,  F.6.S. ; 

of  Her  Majesty*!  Geological  Survey. 

[Commimicaied  by  permissioii  of  the  Director  Gederal  of  the  Sarrey]. 

IN  a  review  of  Nicholson's  "  Geology  of  Cumberland  and  West- 
moreland," which  appeared  in  the  Gkolooioal  Maoazins  about 
a  quarter  of  a  century  ago,  the  reviewer  observes,  in  referring  to  some 
remarks  upon  the  Shap  Granite,  that  this  and  other  granites  have 
clearly  taken  the  place  of  the  rocks  whose  position  they  occupy,  and 
that,  in  fact,  intrusive  rocks  can  be  shown,  in  a  great  majority  of 
instances,  to  have  replaced,  rather  than  to  have  displaced,  the  rock 
masses  which  they  invade.  The  reviewer's  identity  with  a  well« 
known  Professor  of  Geology  at  one  of  the  English  Universities  is 
sufficiently  evidenced  by  his  intimate  acquaintance  with  the  geology 
of  British  Silurian  and  Cambrian  rocks.*  Like  much  else  that  has 
emanated  from  the  same  source  these  particular  observations  were 

'  In  support  of  this  statement,  I  may  quote  a  remark  made  by  Mr.  Ooodchild  in 
a  paper  read  before  the  Geologists'  Association  on  July  6th,  1889,  in  which  he 
refers  to  the  paper  by  Professor  Nicholson  and  myself  on  the  Stockdale  Shales. 
**  If  we  listen  to  our  palsontolog^ts  we  must  classify  the  Graptolitic  Mudstones 
with  the  Ordovicians;  while,  if  we  are  guided  by  the  physical  evidence  alone,  then  the 
Graptolitic  Mudstones  with  their  Ordovician  fauna  must  go  in  the  same  group  with 
the  beds  above,  and  be  classed  as  Silurian.*'  If  Mr.  (Godchild  had  studied  our 
paper,  he  would  have  discovered  that  the  Graptolitic  Mudstones  (there  called  the 
Skelgill  Beds)  do  not  contain  a  single  Ordovician  form,  with  the  possible  exception 
of  Climacograptm  narmalis.  Again,  in  the  same  paper  Mr.  Ooodchild  states  that 
during  the  accumulation  of  the  Browgill  Beds  '*deep  oceanic  conditions  prevailed, 
and  the  old  colony  of  graptolites  eitner  migrated  still  further,  or  else  it  became 
completely  extirpated  here."  A  glance  at  our  paper  would  have  shown  that  two 
well-marked  graptolitic  zones  occur  in  the  Browgill  Beds  of  the  Cross  Fell  area, 
and  that  the  graptolites  of  these  zones  are  intermediate  between  those  of  the  Skelgill 
Beds  and  those  of  the  Lower  Coniston  Flags,  which  according  to  Mr.  Goodehild 
•'migrated  from  a  different  zoological  province!"  Mr.  Goodchild*s  depressions, 
elevations,  and  mictions  belong  to  a  past  generation  who  made  much  of  **  Colonies  " 
and  similar  ingenious  explanations ;  out  it  is  refreshing  to  meet  with  them  again, 
after  the  accurate  work  on  Graptolites  of  Lapworth,  lannarsson,  Tullberg,  and 
others. 

'  A  reference  to  the  same  phenomena  is  given  in  the  Geological  Survey  Memoir  on 
the  Sedber^h  District,  in  connection  with  some  ndndtte  dykes  there. 
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made  a  long  time  before  geologists  in  general  weiB  disposed  to  giie 
any  serious  attention  to  them. 

Some  years  after  the  review  appeared  Mr.  C.  T.  Cloogh,  ofths 
Geological  Survey,  after  a  long  and  careful  series  of  observatioDS  ia 
the  field,  came  to  the  conclasion  that  the  Whin  Sill  of  Teesdale— a 
well-known  intrusive  sheet  of  dolerite  invading  the  Carboniferoot 
rocks  of  the  North  of  England — replaced  these  rocks,  and  had  not 
wedged  them  asunder,  as  it  had  commonly  been  supposed  they  had 
done.  Mr.  dough's  observation  made  it  certain  that  the  total 
thickness  comprised  between  any  two  given  upper  and  lower 
horizons  in  the  strata,  invaded  by  this  dolerite  remained,  exactly  the 
same  where  the  Whin  Sill  was  present  as  it  did  where  it  was 
absent,  and  that  the  strata  above  it  and  below  remained,  not  only  at 
their  normal  distance  apart,  but  were  absolutely  undisturbed  by  the 
intrusive  mass,  whatever  its  thickness  might  happen  to  be.  Mr. 
Glough  argued  that  eruptive  rocks  such  as  these  had  assimilated  the 
strata  whose  position  they  occupy  at  present;  and  he  further 
accounted  for  the  uniformity  of  composition  of  the  dolerite  where 
the  rock  invaded  happened  to  present  a  wide  range  of  chemical 
composition  by  the  theory  that  a  kind  of  circulation  went  on 
throughout  the  molten  mass,  whereby  the  rock  material,  as  fast  as  it 
was  melted  up,  became  diffused  throughout  the  whole  mass,  instead 
of  remaining  more  or  less  localised. 

Facts  of  the  same  nature  as  those  observed  by  Mr.  Clough  had 
been  repeatedly  noted  in  the  areas  adjoining  by  his  colleagues  (m 
the  Survey  ;  and,  indeed,  every  competent  geologist  who  had 
examined  the  field-evidence  was  entirely  in  accord  with  Mr.  Glough 
in  his  conclusions. 

But  the  cabinet  geologist  declined  even  to  consider  the  matter-^ 
he  said  that  it  was  simply  impossible  that  an  intrusive  mass  could 
replace  the  rocks  it  invaded ;  and  he  found  so  numerous  a  body  to 
agree  with  him,  and  therefore  disposed  to  rest  content  with  the  old 
view,  that  it  was  clear  to  those  who  held  more  advanced  views  that 
there  was  no  chance  of  the  subject  meeting  with  fair  discussion  for 
a  long  time  to  come.  So  the  matter  was  allowed  to  drop,  and  the 
steady-going  section  of  geologists  again  went  on  their  way  in  peaosi 

It  is  somewhat  remarkable  that  there  should  be  so  much  reluct- 
ance to  accept  this  view,  considering  that  the  best  text-books  had, 
long  before,  given  illustrations  of  this  very  mode  of  occurrence  of 
intrusive  rocks,  and  that  the  maps  and  sections  published  by  the 
Geological  Survey  furnished  abundant  evidence  pointing  to  the  same 
conclusions.  And  it  is  almost  inconceivable  how  anyone  who  had 
worked  out  the  inter-relations  of  these  rocks  in  the  field,  could 
possibly  adopt  any  other  view.  Apart  from  any  theoretical  hiss 
that  a  field -geologist  might  have  in  this  matter,  he  could  not  very 
well  overlook  the  fact  that  his  fellow-worker,  the  miner,  has  long 
been  aware  that  trap  rocks  very  often  *'  cut  out "  the  coal  seams  or 
other  strata  with  which  they  come  into  contact.  This  is  abundantly 
proved  in  the  Midland  coal  fields,  as  well  as  in  those  of  the  more 
northern  parts  of  the  kingdom,  and  it  is  a  rule  of  very  general 
— •'--^•— I  elsewhere. 
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Some  important  problems  relating  to  both  physios  and  ohemistry 
are  involved  in  this  matter.  These  I  oould  not  even  attempt  to 
tolve.  But  some  little  additional  field  evidence  gained  while 
studying  the  behaviour  of  several  granite  masses  in  Oomwall, 
Cumberland,  and  Westmoreland,  in  some  parts  of  southern  Sootlnnd, 
and  especially  in  the  Boss  of  Mull,  seems  to  me  to  indicate  the 
direction  in  which  further  research,  systematically  carried  out,  may 
lead  eventually  to  a  oorrect  understanding  of  the  facts. 

Around  the  border  of  the  Boss  of  Mull,  chiefly  on  its  eastern 
and  soutb-eastem  margin,  the  granite  contains  unusually  large 
quantities  of  included  masses  of  rock,  chiefly  quartzites,  grey- 
waokes,  and  mica  schists,  identical  in  character  with  that  of  the 
Highland  Metamorphic  Series,  which  the  granite  here  penetrates. 
In  some  of  tbe  larger  gpranite  quarries,  as  for  example,  those  at 
Camas  Tuadh  on  the  west  side  of  Loch  Lathaich,  and  others  again 
near  Ardalanish,  these  included  blocks  occur  in  such  profusion  as  to 
impart  to  tbe  rook  the  appearance  of  a  gigantic  breccia,  in  which  the 
granite  itself  plays  but  the  role  of  matrix.  In  many  instances  the 
blocks  are  as  much  as  twenty  or  thirty  feet  in  length,  and  are  but 
little  rounded,  nor  are  they  much  altered  beyond  the  stage  of 
metamorphism  observable  in  these  rocks  at  points  far  removed  from 
the  granite.  The  parent  masses  do  not  appear  to  have  undergone 
much  shearing  prior  to  their  engulphment  in  the  granite,  so  that  the 
lines  of  stratification,  the  false  bedding,  and  the  joints  of  the  original 
quartzite  are  distinctly  traceable  through  the  included  blocks  in 
their  present  position.  The  inclusions  appear  to  have  been  detached 
from  tbe  parent  block  by  means  of  joint  planes,  and,  once  so 
detached,  to  have  quietly  floated  away  into  the  molten  rock,  without 
any  further  change  specially  noteworthy. 

I  bad  occasion,  a  year  or  two  ago,  to  follow  the  boundary  of  the 
granite  for  some  miles,  beginning  at  its  clear  junction  with  the 
quartzites  at  Ard  an  Daraich,  and  following  it  from  that  place 
southward.  The  task  of  laying  down  this  boundary  upon  the  map 
was  by  no  means  as  simple  as  it  is  in  the  majority  of  cases.  Many 
granites  oome  against  their  enclosing  rook  with  a  perfectly  well- 
defined  junction,  often  narrow  enough  to  be  covered  with  a  knife 
edge.  But  the  Boss  of  Mull  granite  behaves  differently.  In  some 
respects,  indeed,  it  may  be  said  to  shade  off  into  the  metamorphic 
schists  around.  It  is  not  intended  by  this  that  the  mica  schists 
or  the  quartzites  showed  an  increasing  percentage  of  crystalline 
felspar  in  proportion  to  their  nearness  to  the  granite.  The  micro- 
scopic structure,  as  well  as  the  field  evidence,  showed  that  this  case 
forms  no  exception  to  the  now-generally  recognized  rule  in  this 
matter.  The  rocks  are  granulttized,  as  might  have  been  expected, 
but  no  transition  can  be  observed  from  the  one  mineral  type  into  the 
other.  The  gradation  referred  to  is  effected  by  the  steady  increase 
in  the  proportion  of  the  masses  included  within  the  granite,  as  this 
rock  ia  traced  outward  towards  its  peripheral  zone.  Beyond  that 
zone,  where  some  few  masses  of  schist  and  quartzite  still  remain 
more  or  lees  attached  to  their  parent  rooks,  the  nutxAy^x  ^^  \gc^\\]b 
VECADM  zn. — roL.  ix.^xo,  x-  *I^ 
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Teins  ramifying  into  the  surrouDdiiig  rock,  along  joints  and  other 
divisional  planes,  is  so  large  that  in  places  it  is  difficult  to  say 
whether  the  section  before  one  should  be  regarded  as  a  mass  of 
schists  traversed  by  granite  veins  or  as  a  mass  of  granite  with  an 
unusually  large  percentage  of  included  blocks.  Some  of  the  best 
Sections  for  the  study  of  these  phenomena  are  along  the  coast  near 
Carraig  Mhbr  and  at  Torr  na  Sealga.  But  even  from  the  tourist 
steamer,  on  its  way  past  the  south  coast  of  the  Ross  of  Mull,  ia 
travelling  from  lona  to  Oban,  the  phenomena  are  distinctly  visible 
without  the  aid  of  a  field -glass,  so  large  are  some  of  the  masses  of 
schist  and  quartzite  included  within  the  granite. 

A  close  examination  of  the  junction  between  the  granite  veins  and 
the  invaded  schists  gives  some  clue  to  the  way  in  which  this  extra- 
ordinary melange  of  granite  and  metamorphic  rock  has  been  pro- 
duced. The  granite  veins  have  evidently  eaten  their  way  into  the 
surrounding  rock,  along  joints  or  other  planes  of  weakness,  melting 
the  adjoining  rock  as  they  advanced,  and  without  wedging  any  of  it 
apart,  as  the  enormous  pressure  under  which  the  granite  was  in- 
truded  might  have  been  expected  to  do.  Scores  of  examples, 
examined  here  and  elsewhere,  showed  that  the  thickening  of  the 
wedges  of  molten  rock,  as  they  advanced  into  the  strata  beyond,  was 
accomplished  by  the  gradual  removal  of  the  rock  along  the  sides  of 
the  wedge,  the  place  of  the  rock  so  removed  being  taken  by  ao 
equivalent  bulk  of  granite,  dififerent  in  no  respect  but  that  of  the 
size  of  its  constituents  from  the  granite  nearer  the  central  part  of 
the  chief  mass.  In  many  cases  the  course  of  the  granite  tongue  can 
be  followed  along  one  joint,  narrowing  as  it  extends  inward,  and 
then  turning  oflf  in  a  different  direction  along  another  joint,  nearly, 
or  quite,  up  to  an  intrusion  coming  from  another  part  The  detach- 
ment of  the  blocks  by  means  of  wedges,  which  have  eaten  their  way 
in  along  the  joint  planes,  can  be  traced  through  every  stage  of 
quarrying  up  to  complete  isolation. 

Once  surrounded  in  this  way  by  an  envelope  of  molten  rock,  the 
extraction  of  the  block,  by  the  further  enlargement  of  the  wedges, 
was  no  difficult  matter.  The  mass  of  schist  so  liberated  floating 
upward  into  the  main  stream  if  the  current  was  setting  strongly  in 
that  direction  ;  downward,  if  so  determined  by  the  relative  specific 
gravity  of  the  molten  as  compared  with  the  unmelted  rock;  or 
remaining  suspended  if  the  relative  specific  gravity,  eta  so  permitted. 

Probably  the  whole  of  the  blocks  so  detached  were  destined  sooner 
or  later  to  undergo  complete  solution,  and,  in  that  form,  to  undei|^ 
amalgamation  with  the  rest  of  the  molten  rock  forced  up  from  t^e 
reservoirs  below.  The  process  of  diffusion  in  such  a  case  may  be 
likened  to  what  takes  place  when  a  fragment  of  a  more-fusible  metal 
is  introduced  into  a  molten  mass  of  a  less-fusible  metal.  In  the 
case  where  the  two  readily  form  an  alloy  the  diffusion  is  effected! 
completely,  without  stirring,  or  any  other  mechanical  aid.  This 
principle  of  diffusion  seems  to  afford  the  clue  to  the  uniformity  of 
composition  of  the  great  majority  of  intrusive  rocks,  even  where  they 
invadQ  rocks  of  very  diverse  composition.    It  may  be  remariced^ 
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however,  that  the  oniformity  referred  to  is  by  no  means  as  general 
as  it  appears  to  be  assumed  is  the  case. 

The  sections  in  the  Boss  of  Mull  suggest  that  as  the  peripheral 
zones  of  a  granite  mass,  gradually  melted  up,  they  may  have  furnished 
no  inconsiderable  proportion  of  the  molten  rook  that  worked  up 
to  the  surface  in  the  form  of  lava ;  although  it  is  doubtless  true  thnt 
every  part  of  the  conduit  contributed  more  or  less.  The  peripheral 
contributions,  being  at  a  somewhat  lower  temperature,  and  therefore 
having  a  somewhat  higher  specific  gravity  than  the  molten  rock 
nearer  the  middle  of  the  ascending  current,  may  have  been  carried 
downward  for  a  time ;  but  they  were  destined,  sooner  or  later,  to 
float  upward  with  the  rest 

Granite  veins  may  thus  be  regarded  as  playing  the  part  of  capillaries 
in  the  circulatory  system  of  the  larger  mass ;  or  their  function  may 
be  likened  to  that  performed  by  the  individual  leaves  of  a  tree, 
which  elaborate  products  not  used  entirely  by  the  leaves  themselves, 
but  which  are  destined  for  distribution  by  means  of  the  circulatory 
system  as  nourishment  for  the  plant  as  a  whole. 

The  mode  of  attack  of  an  intrusive  mass  is  probably  influenced 
Tery  largely  by  complex  inter-relations  between  the  composition  and 
the  temperature  of  the  .invader  and  the  rock  invaded.  To  some 
extent  also  the  results  may  vary  in  accordance  with  the  degree  of 
resistance  to  intrusion  presented  by  the  invaded  mass.  Where  this 
resistance  was  oomparatively  low,  as  would  happen  in  the  case  of 
intrusions  taking  place  under  small  superincumbent  pressure,  a  true 
laccolite  would  doubtless  be  formed.  That  is  to  say,  the  overlying 
lock  might  really  and  actually  be  lifted  up  with  little  or  no  replace- 
ment of  the  strata  affected.  But  where  the  resistance  to  the  enormous 
intrusive  force  was  too  great  to  be  overcome  by  such  rupture  and 
displacement,  the  temperature  of  the  peripheral  zone  was  raised  to 
the  melting  point  proper  to  the  degree  of  pressure  exerted,  and  the 
invaded  rock  gave  way  by  fusion  instead  of  yielding  by  upheaval 
or  by  fracture. 

In  this  way  both  of  the  recognized  types  of  intrusion  may  find 
a  simple  explanation.  Where  a  laccolite  really  does  occur,  that 
exceptional  phenomenon  would  seem  to  indicate  intrusion  under 
oomparatively -low  superincumbent  pressure  and  usually  under 
such  conditions  as  must  obtain  in  the  upper  part  of  a  volcanic  cone.' 
But  in  the  case  of  the  majority  of  intrusive  masses  the  molten  rock 
has  been  forced  in  against  greater  resistance;  the  temperature  of 
the  invaded  rock  has  thereby  been  raised  to  its  local  fusing  point ; 
the  melted  portions  have  been  alloyed  by  circulation  with  the  general 
magma ;  and  in  this  way  the  intrusive  mass  would,  step  by  step, 
replace  the  rock  invaded,  and  would  replace  that  rock  by  igneous 
rock  of  uniform  composition  without  displacing  the  rock  beyond 
in  the  least 

^  It  should  be  noted  that  as  this  upper  part  is  that  which  is  most  readily  denuded 
away  during  subsidence  beneath  the  waves,  true  laccolites  can  be  but  rarely  preserved 
in  a  foasil  state. 
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V. — Thb  Malybrn  Cbibtalunkb.* 

Bj  the  ReT.  A.  Irtimo,  D.Sc.,  B.A.,  F.O.S. 

THE  author  having  made  an  examination  in  the  field  of  tbe 
Malvern  Crystallines,  during  a  residence  of  ten  weeks  at 
Malvern  in  the  early  part  of  the  year,  and  having  had  the  advantage 
of  Dr.  Callaway's  company  over  portions  of  the  ground  towards  the 
end  of  the  time,  ofifers  here  an  outline  of  his  obaervations  and  tbe 
general  conclusions  to  which  his  field-work  has  led  him,  reeerving, 
for  the  present,  all  details  of  microscopic  work. 

I.  He  agrees  with  Dr.  Callaway*  (with  one  doubtfol  exception) 
that  the  whole  crystalline  mass,  from  end  to  end,  is  of  igneoos  origin, 
but  cannot  follow  that  observer  in  regarding  the  granites  as  injected 
into  the  diorites  (the  **  syenites"  of  Phillips  and  Holl).  The  author's 
observations  rather  lead  him  to  doubt  if  any  true  sequence  can  be 
made  out  between  these  two  rocks  (using  the  terms  in  a  broad 
generic  sense),  the  observed  phenomena  seeming  to  square  better 
with  the  view,  which  would  regard  them  as  segregation-products  of 
<*  one  original  unerupted  magma,"  as  was  suggested  more  than  forty 
years  ago  by  the  late  Professor  J.  Phillips,  F.R.S.*  (see  Mem.  Geol, 
Survey,  vol.  ii.) ;  and  he  regards  the  coarse  pegmatitio  varieties  of 
granite  (the  "  binary  granite"  of  Callaway)  as  the  silieeouB  restdntm 
of  the  magma,  after  the  whole  (or  nearly  the  whole)  of  the  silicates  of 
the  heavier  bases  had  crystallized  out ;  *•  applying  this  even  to  sncli 
a  coarsely-cryHtalline  mass  as  may  be  seen  on  the  top  of  Worcester 
Beacon,  where  one  mass  of  individualized  quartz  was  observed  nearly 
a  foot  thick.*     He  bases  this  view  on  such  facts  as  the  following:— 

1  fitly.  Upon  the  way  in  which  the  dioritic  and  the  granitic  rocks  of 
the  chain  graduate  into  one  another  (as  in  Worcester  Beacon  and 
North  Hill),  or  alternate  with  one  another  (as  in  the  Swinyard  Hill}; 

*  A  paper  read  before  Section  C.  of  the  British  Assoc,  Edinburgh  meeting,  1892. 
^  See  toe  two  able  papers  by  that  author  in  the  Q.J.G.S.  for  1887  and  1889. 

'  Even  at  that  early  date  Phillips  had  as  clear  an  idea  of  the  differentiation  of 
a  homogeneous  fused  mass  into  a  heterogeneous  cr)'stalline  mass  aa  a  recent  writer 
in  **  Natural  Science''  (June,  1892),  whose  application  of  the  theory  of  ** osmotic 
pressure  "  (as  applied  to  *'  dilute  solutions  "},  to  help  him  to  construct  a  "  sequence 
of  plutonic  rocks''  (a  theory  which  can  hardly  be  said  as  yet  to  have  established 
itself  in  Chemical  Physics)  seems  rather  strained.  Durocher's  principle  of  **  liqua- 
tion" is  probably  nearer  the  truth.  But  as  different  physical  conditions  (chiefly 
temperatiire  and  pressure)  determine  the  allotropes  of  one  and  the  same  chemical 
body,  so  they  undoubtedly  are  larije  determinin?  factors  of  the  order  of  crystalliia- 
tion  of  minerals  out  oi  a  ^iven  magma,  and  the  consequent  composition  and 
critical  temperature  of  the  residual  magma  at  any  stage  of  rock  geneisia.  It  is  hardly 
necessary  to  state,  that  with  much  that  is  contained  in  the  article  referred  to  tbe 
present  writer  entirely  agrees. 

*  The  fact  that  most  of  the  felspar  in  the  Malvems  turns  out  to  be  plagioclase 
(carrying  over  many  of  the  "syenites"  of  the  earlier  writers  to  the  diorites)  is  in 
favour  of  this  view ;  since  '*  soda,  weight  for  weight,  fluxes  more  than  potesh ; ' 
and  "lime  may  produce,  with  a  great  number  of  infusible,  or  slightly  fusible, 
silicates,  compounds  which  melt  easily."  (Percy,  **Fuel,  etc."  London,  John 
Murray,  1875,  pp.  73,  76). 

^  Individual  hornblendes,  comparable  for  size  with  these,  were  not  met  with  ii 
ibe  Geldf  bat  some  may  be  seen  in  l\iQ  M.nse\im  at  Malvern  College. 
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it  being  a  rare  thing  to  find  either  the  granite  or  the  diorite  display- 
ing anything  like  a  dyke-relation  to  the  other,  the  few  cases  in 
which  there  is  a  semblance  of  snch  a  relation  being  perhaps  best 
explained  by  ifUemal  Biressts  setting  up  slight  local  shearing-move- 
ments (under  the  influence  of  gravitation  and  perhaps  other  forces) 
along  planes  or  zones  of  weakness  in  the  rock-mass  caused  by 
unequal  contraction  of  the  more  acid  and  the  more  bane  portions  during 
congelation,  (The  gradation  from  diorite  through  a  biotite-  or  horn- 
blendic-  granite  to  a  very  coarse  pegmatite  may  be  seen  at  West 
MalTcm  near  the  church.) 

2ndly.  Upon  the  way  in  which  the  felspathio  and  the  quartzo- 
felspathio  veins  ramify  in  all  directions  through  the  diorite,  as 
pointed  out  long  ago  by  Phillips  {loc,  dL).  (North  Hill,  and  the 
quarries  at  North  Malvern  and  at  the  Lower  Wych,  afford  excellent 
examples  of  this  relation.) 

drdly.  Upon  the  fact  that  very  often  the  homblendic  rock  is 
observed  to  be  more  completely  basic  in  immediate  contiguity  with 
the  felspathio  veins ;  whereas  we  should  expect  the  contrary  to  be 
the  case/ if  the  latter  were  injected  veins. 

4thiy.  Upon  the  very  significant  fact,  that  the  quartzo -felspathio 
veins,  even  when  less  than  an  inch  in  thickness,  have  a  coarsely- 
granular  texture,  this  being  so  manifest  macrosoopically  (especially 
when  the  rock  is  slightly  weathered)  as  to  make  it  impossible  to 
believe  that  they  crystallized  in  contact  with  a  colder  rock  after 
injection  into  it. 

On  the  other  hand,  we  may  perhaps  understand  the  facts  observed, 
with  the  light  thrown  upon  them  from  the  rate  of  solidification 
of  basic  and  acid  slags  observed  years  6igo  by  Macfarlane.^  The 
observed  field-relations  of  the  Granite-diorite  series  at  Malvern 
seem  to  accord  with  his  observations  on  slags,  which  warrant  the 
hypothesis  that  the  more  basic  portions  of  tlie  magma  solidified 
more  rapidly  and  at  a  higher  temperature  than  the  more  acid  veins, 
the  latter  continuing  for  a  long  time  in  a  viscous  condition,*  in  which 
condition  they  would  of  course  act  as  **  lubricating  material*'  between 
the  already  solidified  basic  portions,  allowing  easy  relative  move- 
ment of  those  parts,  as  the  result  of  internal  stresses,  set  up  within 
the  mass.  It  is  possible  that  in  this  way  many  cases  of  schistosity 
observable  in  some  of  the  felspathio  veins  may  have  been  produced 
at  that  stage  of  their  history.     The  author  feels  the  more  justified 

in  putting  forward  this  view,  from  the  differentiation  of  structure 

• 

'  See  ** Canadian  Naturalist'*  for  1864,  quoted  by  the  present  writer  in  ''Met. 
of  Rocks,"  page  70  (footnote),  "On  the  Origin  of  Eniptire  and  Primary  Rocks," 
by  T.  Macfarlane,  now  chief  Analyst  to  the  Dominion  Government.  It  is  instnictiTe 
to  note  the  reTival  of  the  ideas  of  Macfarlane  and  Naumann  in  the  "  New  Greology,'* 
as  the  fogs  of  **  regional  dynamic  metamorphism  "  clear  away. 

»  What  the  late  Dr.  Percy  called  "pa«ty  fusion."  See  ••Fuel,  etc.,"  page  63. 
Macfarlane's  observations  of  the  wide  range  of  temperatures,  which  holds  good  for 
this  condition  of  •'pasty  fusion"  in  aeid  slags,  extending  both  above  and  below  the 
^temperatures  at  which  the  more  limpid  basic  slags  rapidly  coneeal,  explains  how  in 
'some  cases  thin  felspathio  veins  appear  to  fill  fissures  in  the  already  solidified,  but 
•till  hot,  amphibolitic  rock-masses.  In  this  sense  some  of  them  may,  perhaps,  be 
regarded  as  "  injection-veins."    But  they  are  a  minor  feature  in  the  l^alvems. 
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and  composition  of  parts  of  tbe  same  igneotiB  iDtrusiTe  maal 
observed  years  ago  by  AUport  in  some  dolerites;  from  the  more 
remarkable  differentiation  of  parts  of  tbe  same  dyke  in  oontinaoDs 
oroKs-seotions  described  by  Dr.  Andrew  G.  Lawson,  of  tbe  Canadian 
Survey,  in  a  paper  wbicb  tbe  autbor  received  last  year  from  that 
distinguisbed  geologist  (American  G^logist,  March,  1891,  on  the 
"  Petrograpbical  Differentiation  of  certain  Dykes  in  the  Bainy  Lake 
Region  ") ;  from  known  cases  of  the  derivation  of  basic  and  acid 
rocks  from  tbe  same  magma  in  well  explored  volcanio  foci ;  *  and 
from  the  fact  that  be  has  himself  found  the  Bronaill  intrasive 
dolerite  (near  Eastnor)  pass  into  an  almost  pure  pegmatite  in  one 
part.  Even  where  such  a  rock  occurs  as  kersantite  or  mica-dioritei 
there  is  not  always  evidence  to  point  to  contact-alteration  as  the 
origin  of  tbe  mica.  It  seems  easier  to  regard  this  rather  as  a  primarif 
mineral  constituent  of  the  rock  in  places  *  (mica  taking  the  place  of 
tbe  hombleude  of  the  prevalent  diorite) ;  for  in  one  place  (West 
Malvern)  the  kersantite  seemed  to  vein  tbe  adjacent  rock,  while  in 
tbe  greatest  exposure  of  kersantite  seen  in  the  Malvern  Range  it  was 
intersected  by  basic  dykes,  unmistakably  intrusive,  and  no  other 
acid  rock  was  exposed.  This  was  in  the  quarry  at  the  north-west 
comer  of  Swinyard  Hill,  where  no  progressive  alteration  could 
be  observed  macrosoopically  in  the  kersantite  as  it  approached  the 
basic  dykes. 

II.  The  only  intrvaive  rocks  the  autbor  has  been  able  to  reoognise 
from  end  to  end  of  tbe  chain  are  (a)  felBitea,  becoming  at  times 
quartz-porphyry ;  and  (b)  doleriies  of  different  varieties,  including 
diabases. 

The  fehitic  dykes  contain  occasionally  inclusions  of  a  basic  rock 
(probably  diorite  altered  by  contact),  and  are  very  well  seen  at 
North  Malvern,  at  Gold  Hill  north  of  tbe  Wych  (porpbyritic), 
about  Wind's  Point,  in  tbe  Raggedstone  Hill  (as  described  by 
Dr.  Callaway),  and  in  other  localities. 

The  dolerites  are  much  more  common,  and  enter  much  mors 
largely  into  tbe  geotectonio  structure  of  the  range,  being  met  with 
from  end  to  end  of  it  They  are  often  aphanitic  in  texture,  and 
in  a  great  proportion  of  instances  have  undergone  in  part  intense 
crushiDg  in  the  subsequent  mountain-building  stage  of  the  history 
of  the  region,  with  re-cementation  into  a  solid  breccia.  Many 
of  tbe  boldest  crags  consist  of  these  rocks  (North  Hill  and  in 
Rushy  Valley  above  Great  Malvern).  In  all  such  cases  a  special 
point  was  made  by  tbe  autbor  (in  the  light  of 'experience  gained 
ill  former  years  in  the  Eifel,  in  the  Bozen  country,  in  the  Neapolitan 
region,  in  Charnwood  Forest  and  in  Snowdonia)  of  searching  for 
evidence  of  ivffs,  but  without  finding  any,  although  one  or  two 

^  See  in  particular  the  very  instructive  instances  described  b^  Credner  (JElemmU 
der  GeologiCy  sixth  edition,  page  587)  at  Predazzo  and  Monzoni,  m  the  Italian  Tyrol. 

^  To  contend  that  the  mica  of  kersantite  is  always  a  secondary  mineral  would  land 
us  in  tbe  difficulty  of  having  to  recognise  it  as  such  (by  **  endogenous  "  alteration)  in 
cases  where  kersantite  occurs  as  an  intruHve  rock,  as  for  examples  in  the  Devonian' 
and  Carboniferous  of  the  Uartz  region,  and  in  the  Culm  of  Lower  Silesia  (Crediier, 
op.  eit.  pp.  464,  600), 
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idobbtfnl  oases  are  mentioned  by  Mr.  Kutley.^  He  considers,  there- 
fore, tbat  evidenoe  is  wanting  of  any  volcanie  rocks  '  {atrteto  senau) 
in  the  Malvern  Chain,  exoept  those  of  a  later  date  recognized  as 
Pebidian  on  the  flank  of  the  Hereford  Beacon.  In  some  parts  of 
the  range  a  rough  parallelism  can  be  observed  between  the  dykes, 
and  the  prevalent  trend  seems  to  be  N.W.  and  S.E. ;  but  there  are 
many  exceptions  to  the  role,  and  they  have  had  very  little  to  do 
with  determining  the  present  oontonrs  of  the  hill-flanks.'  In  some 
cases  they  have  acquired  a  slabby  structure,  as  if  from  roughly 
parallel  divisional  planes  produced  by  shrinkage  during  the  final 
stage  of  their  solidification.  Their  intrusive  relation  to  the  Granite' 
diorile  series  seems  to  be  established  by  (i.)  their  dyke-like  form 
with  boandary-walls  often  extremely  well-defined;^  (ii.)  the  in- 
cdnsion  in  them  of  masses  of  the  older  series  (such  inclusions 
consisting  of  granite,  or  of  diorite,  or  of  diorite  veined  witb 
felspathio  material) ;  and  in  one  instance  (in  an  old  quarry  at 
North  Malvern  at  the  extreme  end  of  the  range)  a  large  inclusion 
of  homblendic  rock  is  seen  to  be  itself  previously  intersected  by 
felsitic  veins,  which  are  truncated  off  abruptly  at  the  boundary  of 
the  enclosed  mass,'  pointing  to  an  earlier  date  for  the  intrusion  of 
the  felsite.  The  enveloping  dolerite  itself  has  here  acquired  a 
Blabby  curvature,  as  if  from  the  resistance  of  the  included  mass 
producing  internal  stresses  in  the  dolerite  during  its  solidification, 
l^orth  Hill,  Worcester  Beacon  (near  the  summit  and  in  the  higher 
parts  of  Bushy  Valley  on  its  lower  eastern  flank),  the  quarry  at  the 
K.W.  corner  of  Swinyard  Hill,  the  Gullet  Quarry,  the  Wych  Road, 
and  St.  Anne's  Well,  are  some  localities,  where  this  dyke-relation 
seems  clear.  These  intrusive  masses  appear  to  be  portions  of  a 
deeper  magma,  which  (first  the  acid,  then  the  more  basic  portions) 
simply  flowed  into  great  fissures  of  the  Oranite-diorite  series,  as  the 

»  *«  On  the  Rocks  of  the  Malvern  Hills,"  Q.J.G.S.  Aueust,  1887. 

-  The  extended  sense  in  which  this  term  has  been  lately  applied  by  Sir  A.  Geikie, 
in  his  two  Presidential  Addresses  to  the  Geological  Society,  is  much  to  be  deprecated, 
from  the  confusion  of  thought  it  is  likely  to  engender  and  the  violence  done  to  the 
hterature  of  petrography.  The  term  **  volcanic  is  used  as  equivalent  to  **  igneous," 
and  the  term  *'  eruptive  is  made  to  do  duty  for  *'  plutonic."  In  this  way  the  Lewisian 
gneiss  is  included  in  his  volcanic  series  (1891  Address,  p.  32).  Introduce  the  pressure 
of  the  ArchsBan  atmosphere,  and  all  the  facts  on  p.  33  tell  the  other  way.  To  ^peak 
of  such  rocks  as  tourmaline-granite  as  parts  of  a  great  *<  eruptive-stock,^*  as  Credner 
{loe.  cit.)  does  of  the  more  deep-seated  but  unenipted  igneous  masses  at  Predaz/o 
and  Monzoni,  is  one  thing;  but  to  take  the  great  Archsean  gneiss  series  by  themselves 
and  label  them  '* eruptive*'  or  '*  volcanic,  when  there  is  no  evidence  whatever  of 
lava-flows  or  tuffs  to  connect  their  history  with  what  is  usually  understood  by 
tulcanicitifj  is  another  thing  altogether. 

^  Dr.  HoU  seems  to  have  generalized  rather  hastily  on  this  point.  See  Q.J.G.S. 
Tol.  xxi.  pp.  72,  et  seq.  <*  On  the  Geological  Structure  of  the  Malvern  Hills,  etc.** 

*  Excellent  examples  may  be  cited  from  the  Worcester  Beacon  and  its  flanks. 
One  bold  crag  high  up  the  south  flank  of  Rushy  Valley  is  half  granite,  half  dolerite, 
Uie  latter  much  crushed  and  brecciated,  with  a  trace  of  cleavage  here  and  there. 
The  junction  is  unmistakable  both  on  the  north-looking  vertical  face  of  the  crag  and 
on  the  ground-plan  above. 

*  In  this  and  some  other  cases  the  included  mass  seems  not  improbably  to  have 
fallen  into  the  later  and  more  baHic  magma,  and  to  have  floated  off  after  the  manner 
of  some  oi  the  masses  described  by  Dr.  A.  0.  Lawson  in  the  Kainy  Lake  Begion. 
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latter  was  dislocated  sabseqnently  to  its  oonBolidation.  Everjtbing 
seen  goes  to  show  that  these  intrusive  masses  were  altogether  patiiw 
ae  regards  the  earth-movements,  which  have  brought  the  Malvern 
crystallines  into  their  present  position.  The  author's  observationi 
on  this  point  thus  agree  with  conclusions  put  forward  during  the 
last  two  decades  by  Doctors  Suess  and-  Heim.^  The  researches  of 
Dr.  Callaway  and  Mr.  Kutley.make  it  probable  that  some  of  these 
basic  intrusive  dykes,  which  look  so  much  like  doleritee  under  the 
hammer  and  the  lens,  are  really  fine-textured  diorites  or  epidioriles; 
but  this  does  not  materially  affect  the  view  put  forward  here  as  to 
the  part  they  play  in  the  geotectonio  structure  of  the  Malvern  Chain.' 

111.  Strvetural  Phenomena, — These  seem  to  fall  for  the  most  psrt 
into  five  categories : — 

(i.)  Diorite-gneiss  (rocks  composed  of  the  materials  of  diorits 

with  a  gneissic  arrangement), 
(ii.)   Gneissose  (flaserig)  structures. 
(iii.)  Phyllolithic  rocks  approximating  in  vanons  degrees  to  the 

character  of  a  true  schist, 
(iv.)  Shear-planes  (often  highly  slickensided). 
(v.)  Ch-ush'planes  and  zones, 
A  few  remarks,  as  brief  as  may  be,  are  called  for  on  each  of  these, 
(i.)  Diorite-gneiss. — The  most  perfect  examples  of  this  were  met 
with  at  North  Malvern.      I'he  rock  here  is  for  the   most   part  a 
massive  diorite,  but  occasionally  the  parallel  veining  of  the  felspathio 
and  homblendic  constituents  is  very  marked,  in  parts  of  the  rock 
which  do  not  appear  to  have  undergone  any  deformation  by  dynamic 
action.     The  veins  are  often  a  mere  fraction  of  an  inch  in  thickness, 
and  the  veining  has  no  relation  whatever  to  the  shear-planes  which 
intersect  the  rock.     In  other  places  the  veined  structure  has  under- 
gone some  deformation,  giving  the  rock  a  more  schistose  structure, 
the  veins  being  apparently  stretched  out,  the  felspathio  particles  some- 

*  Since  this  was  penned  "  Suess -r^hanffe  "  has  been  largely  serred  up  for  the 
delectation  and  mental  nutriment  of  Sections  C  and  E,  by  the  respective  presidents 
of  those  sections.  The  present  writer  can  hardlj  find  fault  with  Professors  J.  Geikie 
and  Lapwurth  for  giving  such  powerful  expression  to  ideas  which  have  haunted 
him  for  years  past,  as  the  references  in  his  **  Met.  of  Rocks'*  to  Suess  and  Heim 


the  rind,  following  Suess  and  Heim,  implies  a  yielding  under-eone  in  the  lithogphere, 


which  he  will  find  hard,  with  Dissipation  of  Energy,  to  harmonize  with  the  Huttonian 
uniformitarian  doctrine,  and  will  act  as  an  **aqua  regia*'  upon  the  gold  of  hii 
**  wedding-ring,"  and  the  blessed  union  symbolized  by  it.  And  the  reception  of  the 
passivity  of  igneom  injlowa  and  outJUnca  and  their  location  genenll]f^  along  the 
c&ncave  side  of  the  asymmetrical  mountain-wave  disposes  once  and  for  all  of  the  tction 
of  the  **  roots  of  the  mountains,'*  of  a  veteran  writer  on  physical  questions,  even  as 
it  hns  made  it  impossible  for  the  present  writer  to  accept  it.  (See  in  particuUr 
Heim's  Mechaninmua  der  Gebirga-bildung^  Bd.  ii.,  p.  178  ;    Basel,  1878.) 

*  Those  who  will  be  at  the  trouble  to  consult  the  author's  **  Metamorphisra  of 
Rocks  "  (pp.  53-od)  may  see  that  on  general  grounds  we  may  recognize  the  presence 
of  traces  of  highly  superheated  H2O  as  a  potent  factor  in  dinerentiating  the  amphi*' 
bolitic  rocks  from  the  felsitic  and  pyroxenic  magma  which  subsequently  filled  up  the 
fissures  in  them.  This  is  thoroughly  borne  out  by  Dr.  Kroutschoff*B  aynthests  of 
hornblende  (see  Gsol.  Mao.  1891,  p.  303).  f 
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what  Tonnded  (as  the  quartzes  are  Icnown  to  l^e  in  qnartz-pofphyry 
from  abrasion  in  a  yisoous  '* flowing"  magma),  and  arranged  in 
linear  series,  reminding  one  of  a  loose  string  of  beads.  The  rock 
nas  at  the  same  time  become  distinctly  fissile  nnder  the  hammer  in 
the  direction  of  the  foliation.^  Eneading-out  or  stretching-out  rather 
than  cmshing-out  seems  to  have  been  the  order  of  things  in  sach 
cases.  This  description  applies  to  the  "shear- zones"  of  Dr.  Callaway. 
Good  examples  are  seen  in  the  Gullet  Quarry  (south  end  of  Swinyard 
Hill),  in  the  quarry  south  of  the  Wych  Pass  (where  larger  masses 
of  felspathic  material  are  drawn  out  into  slabs),  in  all  the  three 
quarries  at  West  Malvern,' and  at  North  Malvern  above  the  reservoir, 
where  they  bear  no  relation  whatever  in  their  orientation  to  the 
crush-planes  exposed  in  the  quarries  below.  The  differential  move- 
ment in  such  cases,  $o  far  as  each  plane  of  shear  is  concerned,  seems 
to  have  been  but  slight ;  no  more,  in  fact,  than  could  be  referred  to 
unequal  contraction  of  adjacent  portions  of  the  rock-mass  during  the 
later  stage  of  consolidation.  In  some  cases,  as  in  the  quarry  above 
the  church  at  West  Malvern,  such  a  foliated  zone  occurs  on  both 
sides  of  a  divisional  plane,  as  if  the  shearing  had  been  produced  by 
sliding  along  a  shriukage-crack,  while  the  mass  on  either  side  of  it 
(in  this  case  a  very  felspathic  variety  of  diorite  or  a  biotite-granite) 
was  still  in  a  pasty  condition. 

Diorite-gneiss  would  seem  to  result  from  the  segregation  of 
minerals  in  the  course  of  their  development ;  and  its  conversion 
locally  into  '*  diorite-sohist "  (amphibolite)  to  differential  movement 
prior  to  final  consolidation  of  the  materials.  The  idea  suggested  itself 
to  the  author  when  Dr.  Callaway's  paper  was  read  at  the  Geological 
Society  in  1889.  and  certainly  seems  to  work  very  well  in  the  field. 

(ii.)  Gneissose  {flaserig)  structures.  This  kind  of  alternation  of 
more  basic  and  more  acid  layers,  giving  the  rock  at  times  a  very 
stratiform  character,  may  be  most  easily  explained  as  due  to  original 
veining,  accompanied  possibly  in  some  instances  by  some  differential 
movement  prior  to  complete  solidification.  This  simulation  of 
bedding  is  most  conspicuous  about  the  central  parts  of  the  range,  as 
at  Wind's  Point,  in  the  Hereford  Beacon,  and  in  the  quarries  by 
the  roadside  at  Little  Malvern;  but  at  the  latter  place  the  rock  again 
puts  on  its  more  massive  structure  in  the  quarry  half-way  up  the 
flank  of  the  hill.*  On  the  ridge  of  Swinyard's  Hill  also  this  slabby 
structure  of  alternating  homblendio  and  felspathic  layers  may  be 
observed.    Various  degrees  of  deformation  of  these  layers  (especially 

*  It  appears  to  have  become  a  rock  of  the  Amphibolite-type  of  continental  writers 
(resp.  "lelspar-amphibolite'*  or  "diorite-schist'*).  See  (^edner  {op.  eit,  p.  Ill), 
also  Ealkowskj,  <*£lemente  der  Lithologie''  (Heidelberg,  1886),  p.  209. 

'  At  the  north  end  of  the  Tillage  is  a  disused  quarry,  which  does  not  seem  to  be 
noticed  by  recent  writers.  In  a  certain  broad  zone  of  the  rock  exposed  there,  the 
structure  here  under  consideration  is  splendidly  shown. 

'  Here,  however,  the  diorite  is  intersected  by  felsite  dykes.  It  is  interesting  to 
note  this  injection  of  felsite  into  the  more  banded  and  more  massive  portions  of  the 
same  broad  orographic  zone  of  the  Malvern  chain,  pointing  to  community  of  age  in 
the  two.  It  is  curious  also  to  see  how  this  was  overlooked  by  earlier  writers,  when 
they  wrote  so  confidently  about  these  gneissose  portions  of  the  crystalline  tnastif 
as  bedded  sedimentaries.     (See  e.ff.  Symonds  **  Old  Stones,"  pp.  18,  19.) 
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those  of  a  more  basic  character)  may  be  aeen ;  and  in  plaoes — m  ia 
Kushj  Valley  above  Great  Malvern,  and  in  the  Raggedstone  quarry 
^the  basic  minerals  have  been  more  completely  pulverised  aiid 
rendered  incoherent  by  the  grinding  action  to  which  they  have  been' 
subjected  between  the  harder  and  more  rig^d  felspathic  masses. 
This  was  observed  to  be  especially  the  case  where  the  atrmtiform 
structure  of  the  rock  had  suffered  considerable  contortion  against 
massive  intrusive  dykes  of  basic  rock,^  and  is,  therefore,  one  of  the 
phases  of  deformation  which  may  be  with  some  oertainty  referred  to 
dynamic  action  since  the  consolidation  of  the  whole  mass.  When 
this  seems  to  have  been  excessive,  some  mica  has  made  its  appearance 
in  the  felspathic  distorted  bands  of  the  rock,  probably  at  the  expense 
of  the  original  felspar. 

(iii.)  Phyllolithic  rocks  approximating  in  various  d^rees  to  true 
schists.     These  seem  to  be  very  local  in  their  development. 

(a.)  Hornblende -tchiBiB.  In  some  of  these  the  deformation  of  the 
hornblende  crystals  is  the  chief  feature ;  and  it  seems  probable  that 
this  mineral  deformation,  without  any  conspicuous  shearing- move- 
ment, has  occurred  since  the  mass  became  fairly  solid,  and  as  a 
result  of  Bialic  rather  than  dynamic  forces.  It  seems  to  occur  in  the 
more  massive  portions  of  the  diorite,  even  where  the  rock-mass  as  a 
whole  assumes  a  stratiform  character,  as  in  the  large  quarry  at 
Wind*s  Point  and  in  the  quarries  at  Little  Malvern.  Something  of 
this  sort  of  cnimpling  was  observed  also  in  the  more  basic  rocka 
extensively  quarried  at  the  Hollybush  Pass. 

In  other  cases  distinct  parallel  planes  of  foliation,  with  marked 
differentiation  of  the  minerals  are  seen,  and  lenticular  plates  of 
quartz  are  common,  sometimes  a  quarter  of  an  inch  or  more  in 
thickness.  This  structure  is  well  seen  in  the  larger  of  the  two  old 
quarries  at  the  south  end  of  Raggedstone  Hill,  in  the  crags  on  the 
ridge  south  of  the  Wych,  and  in  the  crags  near  the  ridge  nearly  half 
a  mile  north  of  the  Wych  above  Rock  Villa.  Observations  in  the 
field  make  it  difficult  to  resist  the  conclusion  that  these  local  develop- 
ments of  an  apparently  perfect  schist  are  directly  related  to  the 
greater  resisting-power  of  the  already  consolidated  felspathic  masses 
contiguous  to  them,  with  which,  in  every  case,  so  far  as  the  writer's 
obftervations  go,  they  are  in  close  relation,  either  alternating  with 
such  masses  (as  in  the  crags  mentioned),  or  the  schistosity  (as  in  the 
Raggedstone  Quarry)  being  most  definite  and  perfect  in  close 
contiguity  with  massive  quartzo-felspathic  veins,  and  gradually 
dying  away  into  the  undeformed  hornblendic  mass.  The  deficiency 
of  felspar — if  not  the  entire  absence  of  that  mineral — seems  to  be 
accounted  for  by  its  previous  concentration  in  the  adjoining  felspathic 
veins ;  while  the  flattening  out  of  the  quartz  has  taken  place  in  such 

^  On  the  top  of  the  crag  referred  to  {Ante  p.  454)  on  the  south  side  of  Rushy 

lley  the  granite  hecomes  flaggy  close  to  the  junction-planes,  as  if  from  shearing, 

lie  the  dolerite  on  the  other  siae  of  the  junction-plane  is  crushed  to  a  breccia,    la 

ler  orag  lower  down  the  gneissose  granite  is  bent  round  against  a  massive 

ite.     Good  examples  of  thu  gneissose  structure  may  be  seen  by  tbe  footpath, 

J  up  l^e  hUl. 
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a  way  as  to  make  it  probable  that,  when  the  deformation  began,  that 
mineral  was  in  the  colloid  state,  owing  to  the  oonoentration  in  it  of 
the  traces  of  water  present  in  the  original  magma,  as  the  anhydrous 
minerals  separated  out'  This  deformation  probably  ooonrred  when 
the  whole  rook  mass  was  still  at  a  fairly  high  temperature ;  and, 
that  the  present  stmoture  resulted  from  pressure  acting  upon  a  mass^ 
hi  which  the  minerals  were  already  di£ferentiated  in  the  manner 
indicated  prior  to  solidification,  and  not  eaueing  that  differentiation^ 
seems  the  more  probable  from  the  fact  that  traces  of  residual  felspar 
are  often  seen  in  these  quartz-veins.  It  is,  at  least,  as  easy  to 
explain  the  observed  facts  in  this  way  as  to  suppose  that  pressure 
has  brought  about  a  deformation  of  original  felspar,  and  led  to  the 
removal  of  its  bases  with  the  separation-out  of  quartz.  The  same 
sort  of  flattening-out  (in  pancake  fashion)  of  the  quartz  in  masses  of 
considerable  size  (several  inches  long)  was  observed  in  some  oases 
of  the  more  felspathio  masses,  where  the  mass,  as  a  whole,  has  been 
squeezed  into  a  dyke-like  form.  A  notable  example  of  this  was 
seen  in  the  Dingle  Quarry  at  West  Malvern. 

[The  retention  at  high  temperatures  of  the  water  of  hydrated  silica 
by  sufficient  pressure  acting  hydrostatically  is  only  another  example 
of  the  same  principle  as  we  have  learned  to  recognize  in  the  fusion 
of  limestone,  without  dissociation  of  the  COf  from  the  CaO,  as  a 
necessary  stage  of  marmorization.  If  P  represent  the  pressure 
required  to  prevent  dehydration  of  colloid  silica  or  dissociation  of 
Ca  CO,  in  any  given  case  (at  high  temperature),  it  is  easy  to  see  that 
P  may  be  the  sum  of — 

the  pressure  due  to  its  depth  in  the  lithosphere  (pi), 
the  pressure  due  to  the  depth  of  the  hydrosphere,  if  any  (pi),  and 
the  pressure  due  to  the  supernatant  atmosphere  (p,). 
The  equation  P  =  pi  +  Pi  +  p,  is  therefore  true  in  all  cases ;  but 
with  recession  in  time  pi  and  p,  would  merge  into  one  another, 
p,  diminishing,  and  p,  increasing,  as  we  appi*oachod  the  "  pre-oceanio  " 
conditions  of  early  Archsean  time  in  the  history  of  the  lithosphere, 
and   even   so   much  of  pi  being  added  to  the   compound   hydro- 
atmospheric   term,  that  the  depth  in  the  lithosphere  necessary  to 
furnish  P  would  not  be  very  great.     That  is  to  say,  the  requisite 
pressure  might  be  found  at  or  near  the  surface  of  the  lithosphere. 

^  The  author  has  discussed  this  floxin^-actioB  of  traces  of  H3O  (and  perhaps  other 
oxides)  elsewhere.  (See  '*Met.  of  Rocks,'*  pp.  48-50;  also  p.  86,  wWre  the  case 
of  quartz  in  granite  is  considered.)  It  may  oe  as  well  to  remind  geologists  that 
**  fluxing-action  "  may  display  itself  in  retardifig  congelation  of  mineral  matter  as  the 
temperature  of  a  liquid  or  viscous  mass  falls,  just  as  much  as  in  hastening  the  fusion 
of  a  solid  mass.  These  are  only  two  aspects  of  the  same  law.  The  proportions  in 
which  SitJj  niaj  hold  H3O  in  combination,  extend  over  a  very  wide  range ;  and  it  is 
almost  certain  that  the  critical  temperature  of  hydrated  silica  is  lowered  in  some 


of  SiOj  at  depths  might  exist  even  at  a  red  heat,  pressure  preventing  the  escape  of 
water  (as  in  X>r.  Kroutschoff^s  recent  experiments).  Dr.  Callaway  has  come  near 
the  idea  on  p.  600  of  vol.  xlv.  of  Q.J.G.6.,  though  he  seems  to  mistake  this  fluxing 
action  of  water  for  *' solution.*' 
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This  is  **  tmiformity  "  indeed,  bnt  quite  a  diiFerent  thing  from  tiie 
**  aDiformitarianiBm  "  of  the  Button- Lyell  echool.] 

(b.)  Serieile-Bchiits. — The  writer  has  adopted  thie  term  from  a 
letter  written  to  him  by  Dr.  Callaway  for  the  satiny,  distinctlj* 
foliated,  and  contorted  rock,  which  is  exposed  on  the  western  side 
of  the  larger  quarry  at  Raggedstone,  and  is  nnconformably  oTerlab 
by  the  HollybuBh  Sandstone.  He  has  seen  nothing  like  it  in  any 
other  part  of  the  Malvern  Hills.  It  is  something  more  than  a 
phylUte,  and  reminds  one  of  nothing  so  much  as  the  Casanna  and 
other  younger  schists  of  the  Alps.  It  appears  to  be  a  fragment  of 
the  iithosphere  belonging  to  a  much  later  ArohsBaii  stage  of  develop* 
ment  than  the  rest  of  the  Malvern  Chain,  a  stage  of  development  in 
which  super-heated  water  or  steam  has  played  a  prominent  paTt» 
rather  than  to  the  pyrogenio  stage  of  rock-genesis,*  to  which  moat 
of  the  rocks  of  the  Malvern  Chain  may  be  referred.  The  writer 
failed  in  his  attempt  to  traoe  a  gradual  transition  from  them  into  the 
gneissose  rocks  adjoining  these  schists. 

Taking  into  account  the  great  discordancy  that  exists  between 
these  schists  and  the  overlying  Upper  Cambrian  strata,  it  appears 
easier  to  look  upon  them  as  the  sole  remnant  (now  exposed  to  view) 
of  the  younger  Archeeans  left  by  the  extensive  denndation  to  whioh 
the  whole  region  must  have  been  subjected  in  early  Cambrian  and 
later  pre- Cambrian  times,  rather  than  as  having  been  ''manufactured*' 
simply  by  those  dynamic  agencies,  through  the  instrumentality  of 
which  the  earlier  mountain-building  movements  of  the  Malvern 
region  were  effected,  though  probably  somewhat  modified  by  them. 

(b.)  Micaceous  phyllolithie  roeki, — An  alleged  oase  of  oonversion 
of  a  felsite  into  a  **  mica-schist"  in  the  Raggedstone  has  been  described 
by  Dr.  Callaway.  The  writer  has  observed  something  of  the  sort 
in  some  of  the  quartzo-felspathic  veins,  which  are  so  well-developed 
in  the  old  quarries  at  Wind's  Point  and  Little  Malvern  (near  the 
Koman  Catholic  Chapel),  that  they  have  been  instanced  over  and 
over  again,  by  writers  on  the  geology  of  the  district,  as  clear  cases 
of  truly-bedded  sedimentaries ;  though  a  closer  examination  of  them, 
in  the  light  of  experience  gained  in  other  parts  of  the  range,  makes 
it  far  more  probable  that  they  are  deformed  crystallines,  rather 
than  worked-up  clastic  materials.  Some  of  these  more  felspathio 
individual  veins  have  acquired  a  structure  (a  cleavage-foliation) 
approaching  and  simulating  true  achistoaity,  beooming  easily  fissile 
under  the  hammer,  with  white  mica  plainly  developed  macro- 
scopically  on  their  planes  of  cleavage.  This,  no  doubt,  is  a  seoondary 
product  due  to  the  action  of  infiltrating  water,  and  formed  at  the 
expense  of  the  felspar ;  but  it  is  difiScult  to  see  why  such  a  rock 
sliould  be  designated  a  iehtBt  (atrtcto  semu)  any  more  than  some 
laminated  sandstones  of  Mesozoic  age,  on  the  lamination-planes  of 
which  a  similar  deposit  of  seoondary  mica  has  taken  place.  Call 
them  what  you  will,  they  are  certainly  very  different  things  from 
the  older  mica-schists  of  the  Alps,  in  which  we  meet  with  well- 

*  Compare  **  Metamorphism  of  RockB,"  p.  91,  where  the  distmction  hen  implied 
is  dearly  drawn. 
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developed  aceeuory  minerals,  such  as  kyanite,  staarolite,  and  garnet. 
It  seems  doubtful  if  anything  more  than  "cleavage-foliation"  is  to  be 
seen  in  these  oases. 

(iv.)  Shear-planeB. — ^These  are  very  oonspicuons  stmotural  features 
of  the  rook-masses  exposed  to  view  in  the  extensive  quarries  at 
North  Malvern,  at  West  Malvern,  and  at  the  Hollybush  Pass.  They 
seem  to  be  the  '*  divisional  planes  "  of  Mr.  Butley.  Oooasionally,  as 
in  the  largest  qaarry  at  North  Malvern,  a  rough  parallelism  may  be 
observed  in  their  arrangement,  but  more  extensive  observation  shows 
that  this  is  only  a  looal  and  accidental  circumstance.  Oenerally  they 
cut  through  the  rock-mass  in  all  directions  and  at  all  angles  to  the 
qaarry-faoe,  and  the  evidence  they  afford  of  sliding  movements  justifies 
one  in  regarding  them  as  entirely  mechanical  in  their  origin,  and  due 
to  crnshing  on  a  grand  scale,  acting  along  planes  of  weakness  in  the 
rock,  quite  similar  to  the  crush-faulting  which  has  been  described 
by  Dr.  Sti^ff  in  the  St  Qothard  granite  cut  through  in  the  railway 
tunnel.^  They  frequently  intersect  at  all  angles  what  we  may  call 
the  "  master-joints  "  of  the  rock,  which  appear  to  owe  their  origin  to 
the  shrinkage  of  the  mass  as  a  whole  during  solidification ;  and  they 
are  not  in  any  way  petrographically  related  to  the  adjoining  holo- 
orystalline,  and  often  massively -crystalline  rock.  It  seems  impossible, 
therefore,  to  regard  them  as  traoes  of  anything  of  the  nature  of  bedding. 
The  mineral  changes  wrought  by  dynamic  action  on  these  divisional 
planes  in  the  mountain-building  stage,  appear  to  be  entirely  in  the 
direction  of  degradation  of  the  basic  constituents  of  the  adjoining 
rock  into  oxides  of  the  heavier  metals  (chiefly  haematite),  after  pul- 
verization of  the  rook  for  the  thickness  of  a  few  millimetres.  They 
are  often  conspicuously  slickensided.  Possibly  some  of  the  iron 
oxide  may  be  present  as  carbonate,  synthesized  by  the  action  of 
carbonated  waters  from  the  surface  in  the  presence  of  organic  matter 
in  solution  in  such  waters  reducing  the  peroxides  to  protoxides; 
but  these  results  are  altogether  secondary,  and  have  nothing  to  do 
with  the  genesis  of  the  rooks.  The  same  remark  probably  applies 
to  epidote,  which  is  rather  abundant  as  an  infilling  material  iu  the 
smaller  cracks  of  the  diorite  (especially  at  North  Malvern),  and  was 
derived  in  all  probability  by  the  agency  of  infiltrating  water  from 
the  hornblende. 

(v.)  Crush-planes  and  zones, — Where  the  original  rock  was  very 
homblendic  this  has  been  degraded  into  what  some  would  call  a 
"  chloritie-schist,"  and  some  of  these  have  been  at  times  described 
by  eminent  writers  under  this  term.  Yet  they  can  hardly  be 
correctly  termed  schists  at  all ;  for  they  are  so  incoherent  that  it  is 
impossible  to  get  a  piece  capable  of  being  sliced.  They  might, 
perhaps,  be  described  as  rotten  slate  with  a  very  irregular  cleavage. 
The  original  hornblende  appears  to  have  been  completely  pulverized 
in  the  presence  of  interstitial  water,  and,  by  the  help  of  this  water 
(or  by  water  introduced  subsequently),  to  have  been  wrought  into  a 
fine  pasty  mass,  upon  which  a  crude  cleavage-structure  has  been 
induced  by  pressure.     Several  narrow  zones  of  such  chloritio  masses 

'  See  Oboloqxcal  Magazine,  1892,  p.  6. 
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t^ith  a  phylloHthic  structure  are  cut  through  in  the  Wjch  Pass;  anl 
they  appear  to  have  beeu  localised  by  slight  faulting.  But  by  far 
the  best  example  seen  is  in  the  quarry  just  north  of  the  old  pumping* 
station  at  North  Malvern,  to  which  the  proprietor  directed  the 
writer's  attention,  as  a  case  of  a  **  blue  marl  "  among  the  crystalline 
rocks.  An  inspection  soon  revealed  the  fact  that  the  highly  basic 
rock  had  been  crushed  here  against  a  massive  multiple  vein  of 
quartz,  the  most  powerful  development  of  vein-quartz  observed  in 
the  whole  range.  The  quartz-vein  was  itself  extensively  fractured, 
and  the  chlorite,  as  a  fine  powder,  had  worked  its  way  into  the 
fissures ;  but  the  two  minerals  remained  completely  individualized 
and  distinct,  showing  no  apparent  tendency  to  enter  into  new 
chemical  relationships  under  even  the  intense  pressure  to  which  the 
mass  here  had  been  subjected,  lliis  observation  was  repeated  several 
times,  after  being  first  made  in  the  early  part  of  one's  investigation ; 
and  reflection  upon  the  extreme  extent  to  which  a  hornblendic  mass 
had  thus  undergone  deformation  (where,  owing  to  the  great  power 
of  resistance  of  the  quartz- vein,  conditions  were  exceptionally  favonr- 
able  to  local  concentration  of  mechanical  force),  threw  much  light 
upon  many  facts  subsequently  observed  in  other  parts  of  the  range^ 
and  served  as  the  clue  to  some  of  the  explanations  which  have  been 
ventured  upon  in  the  present  paper. 

Repeated  observations  of  the  Malvern  Crystallines  tend  to  force 
upon  the  mind  the  idea  that  rocks  rich  in  hornblende,  or  almost 
entirely  composed  of  that  mineral,  yield  far  more  to  pressure  withovi 
crnshingy  than  do  the  more  felspathic  portions,  or  even  the  dolerites. 
Henoe  it  seems  to  follow  that,  where  the  original  rock  was  very 
felspathic,  either  from  the  presence  of  more  numerous  felspathic 
veins,  or  from  the  more  abundant  distribution  of  felspar  (and  in 
some  cases  much  quartz)  through  the  rock,  we  get  a  brecciated 
mass  along  a  plane  of  thnist,  instead  of  anything  approaching  to 
schistosity.  Examples  of  such  are  seen  in  the  quarries  at  North 
Malvern,  and  in  the  cutting  on  the  Wych  Boad  just  outside  the 
quarry  by  Rock  Villa.  Again,  in  the  same  quarry-face  (as  at  Little 
Malvern  and  Wind's  Point)  the  more  massive  diorites  have  apparently 
undergone  but  slight  deformation,  while  the  thinner  masses,  which 
alternate  with  the  felspathic  veins,  have  been  degraded  into  a  rock 
with  a  more  or  less  phyllolithic  structure,  in  which  chloritic  material 
is  abundant  as  a  degradation -product  of  the  original  hornblende. 

General  Conclusions. 

1.  The  field -relations  observed  among  the  crystalline  rooks  of 
the  Malvern  Chain  point  to  the  conclusion  that  for  the  most  part 
their  petrological  morphology  originated  in  diagenetie  paramorphiim 
and  not  in  any  subsequent  metamorphism. 

2.  As  regards  the  structural  features  (including  schistosity)  these 
have  resulted  to  a  large  extent  from  the  action  of  mechanical  forces ; 
such  results  being  chiefly  of  a  metatnocic  nature  (as  the  author  has 
defined  the  meaning  of  the  term  elsewhere),  exhibiting  various  phases 

deformation  of  the  original  crystallines,   while  the  action  of 
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dynamic  foroes  in  altering  the  atomic  relationships  of  the  chemical 
constitnents  of  the  rocks,  qu&  the  development  of  new  minerals, 
would  appear  to  have  heen  very  limited. 

3.  In  the  present  state  of  our  knowledge  the  two  most  interesting 
questions  presented  to  us  hy  these  rocks  would  seem  to  consist 
(a)  in  determining  to  what  extent  such  dynamic  deformation,  as 
we  actually  observe,  has  been  prior  or  posterior  to  the  ultimate 
solidification  of  the  various  parts  of  the  original  magma;  and  (6)  in 
determining  to  what  extent  simple  atomic  interactions  leading  to 
molecular  aegregation,  supplemented  by  the  action  of  gravity  upon 
minerals  of  various  densities  and  by  forces  of  a  tidal  nature  acting 
upon  the  magma  as  a  whole,  may  have  caused  the  vein-structure 
and  the  stratiform  arrangement,  which,  whether  in  its  original  or 
in  its  deformed  condition,  has  constituted  one  of  the  most  puzzling 
phenomena  presented  to  the  minds  of  investigators  of  the  Malvern 
crystallines. 

4.  The  phenomena  presented  by  these  rocks  as  a  whole  seem  to 
lend  no  support  to  the  doctrine  of  *'  regional  metamorphism "  as 
nsually  understood,  since,  when  field-relations  are  duly  considered, 
it  becomes  far  easier  to  explain  such  simulations  of  "bedding"  as 
are  met  with,  by  mechanical  deformation  of  crystalline  rocks,  to 
which  a  diagenetic  stratiform  structure  had  been  imparted,  than  by 
the  hypothesis  of  reconstruction  of  crystalline  minerals  out  of  clastic 
materials. 

5.  The  writer,  having  made  free  use  of  the  published  writings  of 
Phillips,  Roll,  Bntley,  and  Callaway,  and  of  the  valuable  results  of 
microscopic  work  published  by  the  two  gentlemen  last  named,  and 
having  approached  the  subject  in  the  light  of  the  principles  advocated 
by  himself  in  1888-9,  and  since,  is  happy  to  find  himself  to  a  great 
extent  in  accord  with  Dr.  Callaway,  though  unable  to  follow  him  to 
the  full  extent  in  the  matter  of  "  dynamic  metamorphism." 
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I. — On  the  "Grampian  Series"  (Prb-Cambrian  Rocks)  op  the 
Central  Hiqhlands.  By  Henry  Hicks,  M.D.,  F.B.S.,  Sec. 
Geol.  Soa 

IN  his  address  to  the  Geologists'  Association  in  the  year  1883 
(Proceedings  of  the  Geologists'  Association,  vol.  viii.  p.  270), 
the  author  gave  the  name  of  "  Grampian  Series  "  to  a  group  of  rocks 
which  occupy  an  extensive  area  in  the  Central  Highlands.  He 
described  them  briefly  as  "  tender  gneisses,  bright  siliceous  schints, 
chiastolite  schists,  quartzites  and  limestones,"  also  some  ''chloritic 
schists."  He  considered  them  as  of  pre-Cambrian  age,  and  all  the 
evidence  since  obtained  tends  to  confirm  this  view.  It  is  quite 
possible,  of  course,  that  newer  rocks  may  be  in  places  entangled 
amongst  them,  and  the  author  pointed  out  certain  lines  running  Cti^\Sk 
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N.E.  to  S.W.  where  there  are  indications  of  newer  rocks  in  brokea 
folds,  but  the  majority  of  those  which  he  claimed  as  being  of 
pre-Cambriari  age  are  now  generally  admitted  to  be  older  than  any 
of  the  Palseozoio  rocks  of  that  area.  The  further  descriptions  of 
these  rocks  now  given  have  been  prepai-ed  with  the  kind  assistanoa 
of  Professor  T.  G.  Bonney,  D.Sc.,  F.R.S.,  to  whom  the  author 
some  time  since  submitted  specimens,  collected  at  various  points  in 
the  year  1880. 

From  near  Ballachulish,  etc.,  a  finely  -  banded,  fine-grained 
micaceous  schist,  containing  apparently  a  considerable  amount  of 
f el  spathic  matter. 

From  Olen  Spean,  etc.  Fine-grained  gneisses,  not  rich  in  quartz, 
but  with  a  considerable  amount  of  black  mica,  not  markedly  foliated 
except  as  the  result  of  subsequent  pressure.  All  are  characterized 
by  a  peculiar  speckled  aspect,  the  spots  being  about  the  size  of  pins' 
heads.     The  felspar  varies  from  a  warm  to  a  reddish  gray. 

From  Tyndrum,  etc.  A  somewhat  varying  series  of  schists,  but 
with  a  common  facies.  Some  have  but  little  mica,  consisting  mainly 
of  quartz  and  felspar,  and  pale-gray  or  reddish  in  colour ;  others  are 
very  micaceous  schists  of  a  lead  colour,  with  sheen  surfaces  and 
indications  of  mineral  banding.  There  are  also  very  quartzose 
gneisses  of  a  white  or  pinkish-white  colour. 

Crianlarich  and  Killin,  etc.  Calc  mica-schists,  with  sheen  surfaces, 
due  to  subsequent  pressure,  but  showing  mineral  banding.  Also 
fine-grained  gneisses  like  some  of  those  near  Tyndrum,  but  as  they 
have  a  very  marked  cleavage  foliation  they  may  originally  have 
been  somewhat  coarser  grained.  A  gametiterous  mica- schist  from 
several  places. 

Blair  Athol,  etc.  Dark  mica-schists,  with  rather  a  carbonaceous 
aspect,  and  a  very  marked  cleavage  foliation.  Some  show  on  close 
examination  along  the  edges  a  speckled  aspect,  recalling  some  of  the 
gneisses  mentioned  above.  There  is  also  a  fairly  coarsely  crystalline 
limestone,  with  specks  and  streaks  of  green  serpentinous  material 
and  some  scattered  pyrite;  also  a  calc  mica-schist,  modified  by 
pressure,  and  an  important  series  of  quartzose  schists  similar  to  those 
found  at  Tyndrum,  etc. 

To  the  south  of  this  line,  as  mentioned  by  the  author  in  another 
paper  (Proceedings  of  the  Geologists'  Association,  vol.  vii.  p.  84), 
''  schistose  and  slaty  chloritic  rocks  become  more  abundant  in  associa- 
tion with  micaceous  rocks,"  and  "  everywhere  strongly  recall  to  mind 
the  pre-Cambrian  rocks  of  Wales,  especially  those  in  Anglesea,  and 
in  the  Lleyn  Promontory."  The  author  insisted  that  the  terra 
"Grampian"  was  the  only  suitable  name  for  this  group  of  pre- 
Cambrian  rocks.  It  was  suggested  and  adopted  by  him  at  a  time 
when  all  these  rocks  were  claimed  by  the  Geological  Survey  as  of 
Silurian  age,  and  these  rocks  are  nowhere  in  Britain  so  well  exposed, 
as  in  the  Grampian  mountains  of  Scotland. 
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[I.^Eabthquakb  Phknombna.  in  Japan.     Twelfth  Beport     By 

Pbof.  John  Milne,  F.R.S.,  F.G.S. 

1.  The  Chaff'Milne  Seiemograph. 

THE  seismograph  oonstruoted  in  1883 — the  expense  of  which  was 
partly  defrayed  hy  the  British  Association — has  during  the 
last  year  given  diagrams  and  records  of  Earthquakes,  from  number 
1106  to  number  1241. 

2.  Report  an  Earthquakes  felt  in  Japan  in  1888  and  1889. 

In  1888  the  number  of  Earthquakes  recorded  in  Japan  was  630^ 
and  the  total  land  area  shaken  was  970,800  square  miles.  In  1889 
the  number  of  Earthquakes  was  930,  and  the  area  shaken  1,048,200 
square  miles.  On  February  5th,  1888,  an  Earthquake  shook  67,600 
square  miles.  Some  account  is  given  of  Earthquakes  which  preceded 
the  eruption  of  Bandaisan,  when  within  10  minutes  28  square  miles 
of  a  fertile  Talley  were  buried  from  30  to  100  feet  deep  beneath  i^ 
sea  of  earth  and  boulders.  Everybody  in  the  district  perished*  The 
damming  up  of  the  valley  has  formed  a  lake  81  miles  long. 

On  July  28th,  1889,  an  Earthquake  took  place  in  the  Southern 
island.  Twenty  were  killed  and  seventy-four  wounded.  All  these 
Earthquakes  have  been  classified  with  regard  to  hours,  days,  months, 
seasons,  etc.  They  are  also  grouped  according  to  intensity,  direction, 
etc.  It  is  dear  that  the  vast  amount  of  material  which  comes  in 
yearly  from  the  700  stations  of  observation  is  capable  of  being  analysed 
by  methods  other  than  those  given.  The  Government  Staff  is 
insufficient  to  carry  out  more  than  their  usual  routine  work.  To 
carry  it  out  privately  requires  access  to  documents  and  funds.  The 
nature  of  new  researches  which  might  be  made  is  indicated  in  the 
Beport,  At  any  moment  all  this  valuable  material  bearing  on 
Seismology  accumulated  in  Japan,  and  of  which  there  is  no  copy, 
may  be  lust  by  fire. 

3.  Earth  Pidsations, 

So  far  as  the  writer  is  aware,  no  attempt  has  been  made  to 
determine  the  character  of  the  movements  common  to  all  countries 
usually  called  Earth  Tremors.  By  using  exceedingly  light  conical 
pendulums  (made  from  a  needle  and  a  silk  fibre) — the  pointer  being 
replaced  by  a  small  mirror  reflecting  a  ray  of  light — the  writer  is 
inclined  to  the  view  that  the  earth-motions  producing  movements  in 
this  form  of  apparatus  are  not  elastic  vibrations  such  as  might  be 
produced  by  the  beating  of  a  steam  hammer,  but  that  they  are  long 
wave-like  undulations  like  the  swell  on  an  ocean.  During  the  time 
that  these  pulsations  are  continuing  it  is  noticed  that  they  have  a 
definite  direction.  They  are  most  frequent  when  the  place  of 
observation  is  crossed  by  a  steep  barometric  gradient,  whether  there 
is  wind  or  whether  it  is  fine.  The  possible  relationship  of  these 
movements  to  the  escape  of  Fire  Damp,  the  swinging  of  pendulums, 
etc.,  is  discussed.  The  records  of  these  phenomena  have  been 
photographed,  and  examples  of  them  accompany  XhA  B.«^ox\.. 

J>BCADB  ni. — TOh,  IX. — no,  X.  ^^ 
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4.  The  (hertuming  and  Fracturing  of  Columns,  WclUs,  ete. 
By  oontinuiDg  experiments  on  the  overturning  of  ooluninB  wben 
subjected  to  earthquake- like  motion,  we  can  now  state  with  oon- 
fidenoe  the  acceleration  required  to  overturn  any  given  column  by 
its  own  inertia.  In  the  experiments  on  fracturing,  all  the  bride 
columns  and  walls  snapped  at  their  base.  The  form  of  column 
which  when  moved  back  and  forth  by  an  Earthquake  will  offer  an 
equal  resistance  at  all  horizontal  sections  to  the  effects  of  its  own 
inertia  has  been  determined. 

In  ordinary  engineering  practice  the  cross- section  of  piers  i« 
practically  uniform  from  the  base  upwards — short  piers  near  a  river 
bank  have  the  same  cross-section  as  long  piers  in  the  centre  of  the 
river,  etc.  A  large  series  of  piers  for  bridges  now  being  built  in 
Japan  have  been  designed  in  accordance  with  the  rules  resulting 
from  our  experiments  on  fracturing. 

5.  The  Great  Earthquake  (f  October  2Sth,  1891. 

9,960  people  were  killed,  128,750  dwelling  houses  were  totally 
destroyed,  and  in  a  few  seconds  Japan  lost  the  equivalent  of  perhaps 
30  million  dollars.  About  twelve  million  dollars  have  already 
been  poured  into  the  district  for  repairs  and  relief.  The  movement 
reached  Berlin  at  the  rate  of  9,800  feet  per  second.  At  Tokyo, 
150  miles  from  the  origin,  the  ground  moved  in  long  fiat  waves, 
which  tilted  the  water  in  ponds  and  caused  seismographs  to  act  as 
angle  measurers.  These  waves  had  a  velocity  of  about  eight  feet 
per  second.     A  few  chimneys  fell. 

The  origin  was  the  formation  of  a  fault  which  can  be  traced  for 
40  or  50  miles  along  the  surface.  Some  3,000  shocks  have  been 
recorded  since  the  first  great  shock.  Mountain  slopes  have  been 
stripped  by  land  slips,  valleys  are  dammed  up  and  lakes  have 
been  formed.  Valleys  have  been  compressed  so  that  farms  have 
decreased  in  area.  400  miles  of  river  banks  were  shaken  down 
or  deeply  crevassed.  Mud  volcanoes  formed.  Railway  lines  and 
bridges  twisted  and  distorted.  Foundations  of  bridges  in  one  case 
were  shifted  19  feet 

Some  thousands  of  calculations  respecting  accelerations  to  produce 
fracturing  and  overturning  have  been  made.  Records  of  seismo* 
graphs  have  been  examined  and  the  velocity  of  gravity  and  of  elastic 
waves  have  been  computed.  The  origin  was  in  a  non-volcania 
district  but  where  elevation  was  in  progress.  Earthquakes  seldom 
originate  from  volcanoes,  but  they  occur  in  volcanic  countries  where 
secular  movements  are  in  progress  or  where  mountains  are  in  prociess 
of  formation. 

A  photographic  record  taken  at  each  end  of  a  wat«r  level  several 
miles  in  length  and  if  possible  at  right  angles  to  an  axis  of  elevation, 
might  give  measurements  of  slow  tilting  and  throw  light  on  a  possible 
relationship  between  Earthquakes  and  these  movements,  etc.  Such 
an  experiment  might  cost  £500. 

Earthquake  and  Volcanic  effects  will,  if  possible,  be  illustrated  by 
some  very  large  photographs  kindly  lent  by  Prof.  W.  K.  Burton. 
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The  grant  last  year  was  £10,  but  at  least  three  times  this  sam  has 
been  spent. 

Before  the  end  of  this  year,  with  the  assistance  of  sobsoribers, 
I  shall  publish  a  Seismological  Journal  which  will  be  uniform  in 
oharaotMT  with  the  Transactions  of  the  Seismological  Society. 

III. — Fossil  Abotio  Plahts  found  veab  EnnrBUBGH.    By  Clbmbnt 

Bbid,  F.L.S.,  F.O.S. 

REGBNT  discoveries  by  Mr.  Bennie,  of  the  Geological  Survey, 
have  brought  to  light  a  series  of  silted-up  tarns  or  small  lochs 
in  the  neighbourhood  of  Edinburgh.  These  tarns  seem  to  have  lain 
in  irregular  hollows  left  on  the  retreat  of  the  ice,  for  the  lowesc 
deposits  usually  yield  remains  of  arctic  plants.  The  principal 
looedities  for  these  plants  are  Corstorphine  and  Hailes.  Trees, 
except  perhaps  the  alder,  are  entirely  missing  in  the  lower  deposits, 
and  the  vegetation  consists  mainly  of  dwarf  willow  and  birch,  with 
a  few  herbaceous  plants,  of  species  still  living  within  the  Arctic 
Circle.  The  list  now  includes  the  following  plants,  those  marked 
with  an  asterisk  being  arctic  species  no  longer  living  in  the  lowlands 
of  Scotland : — 


ManuneuluB  ttquatUit,  Linn. 

,,  repens,  llnn. 

Viola  (P). 
SteUaria  media,  Cyr. 

^ Dry  at  oetopetala,  Linn.' 

FoUfUilla  sp. 

FoUrium  sp. 

Mippurit  vulgaris,  Linn. 

Myriophylium  spieatum,  Linn. 

Taraxaeum  oJUinale,  Web. 

Androtneda  Polifolia,  Linn. 
*Lois4leur%a  proeumbma,  Detr, 

Menyanthe*  irtfoliata,  Linn. 


*Oxyria  digyna.  Hill, 
*Betula  nana,  Linn. 

Alnut  (P). 

Salix  repent,  Linn. 

*  „     herbaoeat  Linn. 

*  „    polariM,  Wahlb. 

*  „    reticulata f  Linn. 
Smpetrum  niyrwn,  Linn. 
FotamoyetoH  sp. 
Eleoeharie  paiuatrie,  R.  Br. 
Seirpui  paueijlorut,  Lightf . 

„      laeuetritj  Linn. 
Carea,  2  sp. 


IV. — Devon  and  Cobnish  Gbanites.     By  W.  A.  E.  Ussheb,  P.G.S. 

FBOM  the  relations  of  the  stratified  rocks  to  the  granites  of  Devon 
and  Cornwall  there  is  no  obtainable  evidence  as  to  the 
upheaval  of  the  latter. 

From  evidences  of  great  mechanical  disturbance  (such  as  defieo- 
tions  of  strike  and  constrictions  of  outcrop),  of  metamorphism  in 
areas  bordering  the  granites,  from  the  shapes,  relative  positions, 
and  internal  structure  of  the  granite  masses ;  from  the  distribution  of 
the  Elvans,  and  from  evidences  of  the  production  of  cleavage  in  the 
area  prior  to  the  contact  metamorphism  of  the  cleaved  rocks,  it 
appears  that  the  sites  of  the  Devon  and  Cornish  granite  masses 
were  oocnpied  by  the  granites  or  pre-existent  and  subterraneously 
connected  rocks  of  pre-Devonian  age,  which  had,  in  a  rigid  state, 
exercised  an  obstructive  infiuenoe  on  the  north  and  south  movements, 
and  had  thereby  produced  great  mechanical  effects  on  the  surrounding 
strata  prior  to  the  alteration  of  the  latter. 

The  contact  alteration  of  the  stratified  rocks  seems  to  be  co^x^V 
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with  the  metamorphism  of  these  ancient  masses  and  the  oonseqofDt 
genesis  of  the  granites  in  their  present  form  during  the  later  stsj^ea, 
or  at  the  close  of  the  Carboniferous  epoch.  The  introsion  of  granitoid 
rocks  perhaps  accompanied,  certainly  succeeded,  the  solidification  of 
the  granites,  and  continued  at  intervals  down  to  the  Permian  quarts 
porphyries.  These  rocks,  called  El  van  dykes,  approximate,  with 
some  few  exceptions  (notably  the  north  and  south  Mvan  of  Water- 
gate  Bay),  to  the  general  strike  produced  by  the  north  and  sonth 
movements,  and  in  some  cases,  as  near  Camelford,  to  the  main  strike 
deflections  produced  by  the  resistance  of  granite  masses  to  theie 
movements,  but  in  proceeding  from  granite  to  killas  they  ignore  the 
slight  uptilt  of  the  latter  on  the  margin  of  the  granites. 

The  evidences  in  favour  of  the  subterranean  connection  of  the 
Devon  and  Cornish  granites  are  too  strong  to  be  ignored,  and  thii 
connection  annihilates  the  application  of  the  laccolitio  hypothesii 
advanced  by  me  to  account  for  the  relations  of  the  Dartmoor  granite^ 
and  at  the  same  time  contradicts  the  suggestion  of  the  upheaval  of 
the  granites  in  or  through  their  surroundings. 


V. — On  the  Ocourrbnok  of  CnoyEVEs  Pratti,  Daytdsok,  ik  Trt 
Carboniferous  Rocks  of  Western  Australia.  By  R.  Bullih 
Newton,  F.G.S.,  British  Museum  (Natural  History). 

IN  this  communication  the  author  directed  attention  to  some  Talres 
of  a  Chonetea  recently  discovered  by  Mr.  Harry  Page  Woodward, 
F.G.S.,  in  rocks  of  Carboniferous  age  situated  in  the  Irwin  River 
District  of  Western  Australia,  which  he  referred  to  C.  FratU,  a 
species  described  and  figured  by  the  late  Dr.  lliomas  Davidson  in 
the  "Geologist"  for  1869,  Plate  IV,  Figs.  9-12.  p.  116.  As  the 
original  description,  contained  only  in  the  explanation  of  the  plates, 
is  necessarily  somewhat  brief  and  imperfect,  the  following  additiooal 
characters  were  submitted  : — 

(1)  That  the  external  surface  of  both  valves,  besides  being 
ornamented  with  very  fine  radiating  strisB,  possess  subimbricating 
concentric  lines  of  growth  ;  (2)  that  the  extent  of  the  cardinal 
margin  represents  the  minimum  width  of  the  shell ;  (3)  that  the 
granular  asperites  on  the  interiors  of  the  valves  are  disposed  in  lines 
as  they  reach  the  margins,  having  more  or  less  an  elongate  appear- 
ance resembling  short  tubular  spines ;  (4)  that  the  external  surface 
of  the  ventral  valve  exhibits  a  number  of  small  orifices  placed  at 
irregular  distances,  which  are  probably  basal  attachments  of  spines, 
a  character  known  to  exist  in  Chonetes  papilionacea,  O.  Hardreniiit 
etc.  The  author  then  gave  the  dimensions  of  the  Davidson  type 
valves,  together  with  those  of  the  Western  Australian  specimens, 
the  latter  being  somewhat  larger.  A  minute  examination  of  the 
Western  Australian  specimens  and  their  comparison  with  the 
originals  of  C.  Praiti  in  the  Davidson  collection  at  the  British 
Museum  has  demonstrated  the  fact  that  they  are  mineralogically  M 
well  as  structurally  the  same  brachiopod.  This  fact  is  of  consideiv 
able  importance,  as  the  Davidson  specimens  at  the  time  of  desorip- 
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I  were  nnlooalised,  and  the  speoies,  as  far  as  can  be  ascertained, 
never  been  referred  to  sinoe  either  by  Davidson  himself  or 
any  other  writer  up  to  the  present  time.  There  is  very  little 
ibt  that  the  new  material  from  the  Irwin  River  District  yielded 
y  the  Davidson  types.  The  paper  conolnded  with  a  small  list  of 
'boniferous  fossils  collected  in  the  same  neighbourhood,  which 
'e  been  described  and  fi^^red  by  Messrs.  A.  H.  Foord  and  G. 
9inde  in  the  Obolooioal  Magazinb  for  1890. 


— ^Thb  Fulleb's  Eabth  Mining  Co.  at  Woburn  Sands.    By 
A.  0.  G.  Cambbon,  (Geological  Survey  of  England  and  Wales. 

[NCE  reporting  to  the  British  Association  in  1884  and  1891  on 
the  progress  made  in  working  this  mineral,  the  demand  for  it 

gone  on  steadily  increasing,  and  mining  on  systematic  principles 

been  established  in  Bedfordshire  for  the  first  time.  The  mines 
¥  show  an  extensive  industry,  with  underground  galleries  that 
end  many  hundreds  of  feet.  The  layers  of  earth  as  they  come  to 
irorked  are  not  found  disposed  quite  evenly,  but  raised  into  slight 
ijualitieSy  ridge-and-furrow-like.  Although  all  one  sort  of  earthy 
layers  alternate  in  colour  downwards,  from  yellow,  through  blue, 
yellow  again;  a  difference  in  colour  which  Mr.  Player,  who 

analysed  the  Woburn  earth,  does  not  consider  is  explained  by 
erence  in  composition. 

!t  has  long  since  been  suggested  that  the  name  "  Woburn  Sands  " 
uld  be  applied  to  the  lower  portion  of  the  Lower  Greensand  of 

Midlands,  and  the  name  may  well  be  retained  for  Bedfordshire 
I  Bucks.  It  is  at  Woburn  Sands,  in  these  counties,  that  the 
atest  expanse  and  greatest  thickness  of  Greensand  occurs,  and 
ere  it  contains  also  those  valuable  deposits  of  fuller's  earth. 


[. — ^Notb  on  a  Gbbbn  Sand  in  thb  Lowbr  Gbbbnsand,  and  on  a 
Gbben  Sandstonb  in  Bbdfordshibb.  By  A.  C.  G.  Cambbon, 
G^logical  Survey  of  England  and  Wales. 

HE  beds  in  the  section  at  the  "  Parish  Sandpit "  at  Apsley  Guise 
are  given  below  in  descending  order : — 

1.  Tellow  and  grey  sand  with  strings  of  yellow  fuller's  earth   ... 

2.  Lenticular  seam  yellow  Mler's  ^rth 

3.  Tellow  and  grey  sand,  in  parts  false-bedded ... 

4.  Tellow  fullers  earth,  doyetailed  amongst  green  sand     

v«     X ©Xlv w   vvIirU  •••        •«*       *••        ••*       •••        •••        •••        •••        •••        ••! 

6.  Bright  green  sand  '  hearted  *  darker  green       

7.  Coarse,  Duff-coloured  irooy  sand       

Oxford  Clay      ...    54     10 

rhe  bright  green  sand  (No.  6),  with  a  darker  middle  portion, 
sists  of  irregular-shaped  grains  of  quartz,  stained  green ;  besides 
ich,  there  are  brown  grains,  the  precise  nature  of  which  remains 

the  present  undetermined.  With  the  hammer  this  sand  gives  a 
wn  streak,  the  brown  grains,  which  are  compamtively  soft,  being 

cause  of  it.    The  absence  of  glauconite  is  a  distinct  feature  in 
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this  uod.  d«at  bong  tl^  onal  coloiing  MiTf  bt  of 
Muidi^  A  darker  dzu  of  grwn  perrftdes  tike  ^^SAjy 
bed,  ^Ting  it  the  appeannoe  of  beiag  '  heuted,'  as 
^oec.  Baiher  over  a  mile  firooi  this  plaeeb  Mr.  Wbitakor  ulw  mil 
in  the  tower  of  HiuborDe  Crmwlej  Choreh  a  qmatitj  of  yum  Mnd- 
stone  of  a  bright  ooioar,  and  sometimes  of  a  glaasf  testen^  vhidk 
has  been  recoi^ixed  as  like  some  that  ooonm  in.  tht  hom&r  Gvssnsml 
of  Igfatham,  KenL  It  is  a  serrioeable-lDokin^  stone^  and  the  bright- 
nes4  of  its  ooloar  adds  beaatj  to  the  brovn  mnilstnnri,  of  which  tke 
edifice  is  mainlj  builL  The  stone  seems  to  be  a  ootmlBrpart  cf  tbt 
green  saod  in  the  Apalej  Section,  and  siniilaTlj  oolov-hesrtoi 
JProfessor  Bonnej,  on  receiring  specimens  of  the  dnabome  Ciawley 
rock,  bat  speaking  from  sight  onhr,  donbte.  howerer,  whether  it  ii 
the  same  as  the  green  sand  at  Apalej.  It  maj  be  mentioiied  that 
pieces  of  the  same  rock  have  been  dog  np  in  the  roadway  hslf « 
mile  from  the  chordi,  and  a  larger  boolder-like  piece  lies  by  tite 
loadidde,  on  the  ontskirts  of  the  Tillage  green.  Adjoining  the  dinrdi- 
yard  is  a  rery  old-looking  excaration,  that  angg¥«t8  tiie  qx)t  it 
which  this  stone  may  hare  been  got.  Seeing  the  dilBcnlty  of  trsm- 
porting  stones  in  olden  times,  it  is  extremely  unlikely  thiU  the  stone 
came  from  a  distance.  Possibly,  therefore,  there  may  be  some  locil 
eqairalent  of  the  Lower  Greensand  of  Kent  In  the  Bedfordshire 
Greensand,  which,  if  not  entirely  dag  away  in  anppljring  the  stone 
for  Crawley  Church,  may  yet  again  be  brought  to  light. 

Till. — British  Associatiok  por  thx  ADTAHCKsntsr  of  ScixHCf, 

Edikburgh,  1892. 

Address  to  the  Geological  Section  by  Professor  C.  Lapwokth,  LL.D., 

F.II.S.,  F.G.S.,  President  of  the  Section. 

(PART  II.) 

In  tke  structure  of  oar  modem  movntain  ranges  we  discorer  the  most  besatifiil 
illostrations  of  the  bending  and  folding  of  the  rocky  formadoos  of  the  earth-crost. 
The  early  results  of  Rogers  among  the  Alleghanies,  and  of  Lory  and  Farre  in  the 
Western  Alps,  have  been  greatly  extended  of  late  years  by  the  dtscoreries  of  Heim 
and  Baltzer  in  the  Central  Alps,  of  Bertrand  in  Provence,  of  Margeiie  in  Lai^guedcc, 
of  Dutton  and  his  colleagues  in  the  western  ranges  of  America,  and  of  Peach  and 
Home  and  others  in  the  older  rocks  of  Britain.  The  light  these  reseuxfaes 
throw  upon  the  phenomena  of  mountain  stracture  will  be  fotmd  admirably 
summarised  and  aiscussed  in  the  works  of  Leconte,  of  Dana,  of  Danbree,  w 
Keade,  of  Heim,  and  finally  in  the  magnificent  work  of  Sness,  the  *  AntUtz  der 
Erde/  of  which  only  the  first  two  volumes  have  yet  appeared. 

Looking  first  at  the  mountain  fold  in  its  simplest  form  as  that  of  a  bent  rock* 
plate  composed  of  manv  layers,  which  has  been  forced  into  two  similar  arc-like 
forms,  the  convexities  of  which  are  tumed,  the  one  up¥rards  and  the  other  doini- 
wards,  we  find  in  the  present  mountain  ranges  of  the  globe  every  kind  represented. 
We  commence  with  one  in  which  the  arch  is  represented  merely  by  a  gentle  swell 
in  the  rock  sheet,  and  the  trough  by  an  answering  shallow  depression,  the  two 
shading  into  each  other  in  an  area  of  contrary  flexure.  From  this  type  we  pass 
insensibly  to  others  in  which  we  see  that  the  sides  of  the  common  limb  or  septnia 
are  practically  perpendicular.  From  these  we  pass  to  folds  in  which  the  twisted 
common  limb  or  septum  overhangs  the  vertical,  and  so  on  to  that  final  extremei 
where  the  arch  limb  has  been  pushed  completely  over  on  to  the  trough  limb,  and 
all  three  members,  as  in  our  note-book  experiment,  are  practically  welded  ioto  one 
conformable  solid  mass. 
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.  Although  the  movemeDU  of  these  mquBtain  folds  are  slow  and  insensible,  and  onlf 
effected  in  the  course  of  ages,  so  that  little  or  no  evidence  of  the  actual  movement  of 
any  single  one  of  them  luis  been  detected  since  they  were  first  studied,  yet  it  is 
perfectly  plain  that  when  we  regard  them  collectively,  we  have  here  crust  folds  in 
every  stage  of  their  existence.  Each  example  in  itself  represents  some  one  single 
stage  in  the  lifetime  of  a  single  fold.  They  are  simply  crust  folds  of  different  ages. 
Some  are,  as  it  were,  just  bom  {  others  are  in  their  earliest  youth.  Some  have 
attained  their  majority,  some  are  in  the  prime  of  lif<^  and  some  are  in  the  decrepit 
stages  of  old  age.  Finally,  those  in  which  all  three  members — arch  limb,  trough 
limb,  and  septum— are  crushed  together  into  a  conformable  mass,  are  dead.  Their 
life  of  individual  movement  is  over.  If  the  earth  pressure  increases,  the  material 
which  thev  have  packed  together  may  of  course  form  a  passive  part  of  a  later  fold, 
but  they  themselves  can  move  no  more. 

In  many  cases,  due  partly  to  the  action  of  longitudinal  pressures,  the  septum 
becomes  reduced  to  a  piapu  of  contrary  motion,  namely — the  over-feiult,  or  thrust- 
plane,  and  the  arch  limb  and  the  trough  limb  slide  past  each  other  as  two  solid 
masses.     But  here  we  have  no  longer  a  fold,  but  a  fault 

We  see  that  every  mountain  fold  commences  first  as  a  gentle  alternate  elevation 
and  depression  of  one  or  more  of  the  component  sheets  of  the  geological  forma- 
tions which  make  up  the  earth-crust,  lliis  movement  is  due  apparently  to  the 
tangential  thrusts  set  up  by  the  creeping  together,  as  it  were,  of  those  neighbouring 
gnd  more  resistant  parts  of  the  earth-crust  which  lie  in  front  of  and  l^hind  the 
moving  wave.  Yielding  slowly  to  these  lateral  thrusts,  the  crest  of  the  fold  rises 
higher  and  higher,  the  trough  sinks  lower  and  lower,  the  central  common  limb  or 
septum  grows  more  and  more  vertical,  and  becomes  more  and  more  strained,  sheared, 
and  twisted.  As  this  middle  limb  yields,  the  rising  arch  part  of  the  fold  is  forced 
gradually  over  on  to  the  sinking  trough  part,  until  at  last  all  three  members  come 
into  conformable  contact,  and  further  folding  as  such  is  impossible.  Movement 
ceases,  the  fold  is  dead.  We  see  also  from  our  note- book  experiment  that  the 
final  result  of  the  completion  of  the  fold  is  clearly  to  strengthen  up  and  consolidate 
that  part  of  the  crust  plate  to  the  local  weakness  of  which  it  actually  owed  its 
origin  and  position.  The  fold  has,  by  its  life-action,  theoretically  trebled  the 
thickness  of  that  part  of  the  earth- plate  in  which  its  dead  remains  now  lie.  If 
the  lateral  pressure  goes  on  increasing  and  the  layers  of  the  earth -crust  again 
begin  to  fold  in  the  same  region,  the  inert  remains  of  the  first  fold  can  only 
move  as  a  passive  part  of  a  newer  fold  :  either  as  a  part  of  the  new  arch-limb, 
the  new  trough-limb,  or  the  new  septum.  As  each  younger  and  younger  fold 
formed  in  this  way  necessarily  includes  a  more  resistant,  and  therefore  a  thicker, 
broader,  and  deeper  sheet  of  the  earth-crust,  we  have  here  the  phylo^enetic 
evolution  of  a  whole  family  of  crust  folds,  each  successive  member  of  which  is 
of  a  higher  grade  than  its  immediate  predecessor. 

But  it  very  rarely  happens  that  the  continuous  crust  plate  in  which  any  fold  is 
imbedded  is  able  to  resist  the  crust  creep  until  the  death  of  the  first  fold.  Usually, 
long  before  the  first  simple  fold  is  completed,  a  new  and  a  parallel  one  rises  in 
front  of  it,  normally  on  the  side  of  the  trough  limb,  and  the  two  grow,  as  it 
were,  henceforward  side  by  side.  But  the  younger  fold,  being  due  to  a  greater 
pressure  than  the  older,  must  of  necessity  be  of  a  higher  specific  grade,  and  the 
two  together  form  a  generic  fold  in  common. 

Our  present  mountain  systems  are  all  constituted  of  several  families  of  folds, 
formed  in  this  way  of  different  gradations  of  size,  of  different  dates  of  origin,  and  of 
different  stages  of  life  evolution  ;  and  in  each  family  group  the  members  are  related 
to  each  other  by  this  natural  genetic  affinity. 

Sometimes  the  new  folds  are  formed  in  successive  order  on  one  side  of  the 
first  fold,  and  then  we  have  our  unilateral  (or  so-called  unsymmetrical)  mountain 
groups,  like  those  of  the  Jura  and  the  Bavarian  Alps.  Sometimes  they  are  formed 
on  both  sides  of  the  original  fold,  and  then  we  have  our  bilateral  (or  so-called 
symmetrical)  ranges,  like  the  Central  Alps.  In  both  cases  the  septa  of  the  aged 
or  dead  folds  of  necessity  all  slope  inwards  towards  the  primary  fold.  If,  there- 
lore,  they  originate  only  on  one  side  of  the  primary  fold,  our  mountain  group  looks 
unsymmetriod,  with  a  very  steep  side  opposed  to  a  gently  sloping  side.  If  they 
grow  on  both  sides  of  the  original  fold,  we  have  the  well-known  '  fan  structure  *  of 
mountain  ranges.    In  this  latter  case  the  whole  complex  range  is  seen  at  a  glance 
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N.-:-  Amricx,  and  ::  w.ll  be  found  that  the  whole  of  the 
K.NTNy  M.^r.:-r.  r^r^e  ■.  r.  ::>  we-:-rr.  siie  and  the  Alleghany  range  on  the 
e.\>:  are  reii'y  :w  ">;-'"-■■>•  Jo:rr'^«::r.i  j^cjlo^rcal  anticlmes,  while  the  broad 
x'.^:  r  :>.:?  -.r.'.z: .T.fl  i:z  M:»:>a.;i:;  bsisin  is  actually  a  compound  geological 
>\r.-'.;".e  ma.ie  u/  ^r"  :e  wh.!e  r/.e  o:   :he  geD  o^i^al  furmations.      That  is  10 


pr  »;vry  of  ix^'.h.  Mere.  :'::e.i.  we  reach  a  much  h.gher  grade  of  fold  than  the 
orographic  or  moun:a:n-mik:nj:  foil  viz.,  the  plateau-making  fold  or  the  semi- 
c\Milincntal  fold,  wh  ch.  because  of  it*  enormous  breadth,  must  include  a  very 
much  thicker  [xjrtion  of  th;:  earih-cnst  than  the  orxlinary  orographic  fold  itscH. 

Hut  which  mu>t  be  the  real  middle  limi>>  of  these  two  American  folds,  the  scplal 

ArrA<  where  nu^!  work  is  now  being  done  and  the  m  tion  is  greatest  ? 

'raught  by  wh.\t  we  have  already  leame«.i  of  the  mountain  wave,  the  answer  is 

w    Immetliate  and  ccnain.    They  mus:  be  on  the  >teeper  Mdes  of  each  of  the  two  folds, 

k  Mincly  on  those  which  face  the  ocean.    How  perfectly  this  agrees  with  the  geological 

K  fccto  goes  without  spying,     li  is  ou  the  >teep  Poahc  side  of  the  western  fold  that 
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the  crashing  and  crampling  of  its  rocks  is  the  greatest.  It  is  on  the  Atlantic  side 
of  the  eastern  fold  that  the  contortion  and  metamorphism  of  its  rocks  are  at  their 
maximum,  while  in  the  common  and  gently  sloping  troagh  of  both  folds,  namely, 
in  the  intermediate  Mississippi  Valley,  the  entire  geological  sequence  remains 
practically  unmodified  throughout. 

Again,  which  of  these  two  American  folds  should  be  the  more  active  at  the 
present  day  ?  Taught  by  our  study  of  the  mountain  wave,  the  answer  again  is 
immediate  and  conclusive.  It  must  be  that  fold  whose  septum  has  the  steeper 
gradient.  Geology  and  geography  flash  into  combination.  The  steeper  Pacific 
septum  of  the  western  told  from  Cape  Horn  almost  to  Alaska  is  ablaze  with 
volcanoes  or  creeping  with  earthquakes,  while  the  gently  inclined  Atlantic  septum 
of  the  eastern  fold  from  Greenland  to  Magellan  Straits  shows  none,  except  on 
the  outer  edge  of  the  Antilles,  in  the  very  region  where  the  slope  of  the 
surface  is  the  steepest.  We  see  at  a  glance  that  the  vigour  of  these  two  great 
continental  folds,  like  those  of  our  mountain  waves,  varies  directly  as  the  surface 
gradient  of  the  septum. 

But  the  geographical  surface  of  North  America,  considered  as  a  whole,  is  in 
reality  that  of  a  double  arch  with  a  sag  or  common  trough  in  the  middle.  We 
have  seen  already  that  this  double  arch,  must  be  regarded  as  the  natural  com- 
plement of  the  equally  double  Atlantic  trough.  Here,  then,  if  the  path  of  analogy 
we  have  hitherto  so  triumphantly  followed  up  to  this  point  is  still  to  guide  us,  the 
trough  of  the  Atlantic  must  be,  not  only  in  appearance  but  in  actuality,  formed  of 
two  long  minor  folds  of  the  same  grade  as  the  two  that  form  the  framework  of 
America,  but  with  their  members  arranged  in  reverse  order.  If  so,  their  submarine 
septa  ought  also  to  be  lines  of  movement  and  of  volcanic  action.  And  this  is 
again  the  case.  The  volcanic  islands  of  the  Azores  and  St.  Helena  lie  not  exactly 
on  the  longitudinal  crests  of  the  mid-oceanic  Chaiienger  ridge,  but  upon  its 
bounding  flanks. 

But  we  have  not  yet,  however,  finished  with  our  simple  folds.  If  we  draw  a 
line  completely  round  the  globe,  crossing  the  Atlantic  trough  at  its  shallowest, 
between  Cape  Verde  and  Cape  St.  Roque,  and  continued  in  the  direction  of 
Japan,  where  the  Pacific  is  at  its  deepest,  we  find  that  we  have  before  us  a 
crust  fold  of  the  very  grandest  order.  We  have  one  mighty  continental  arch 
stretching  from  Japan  to  Chili,  broken  submedially  by  the  sag  of  the  Atlantic 
trough  ;  and  we  see  that  this  great  terrestrial  arch  stands  directly  opposed  to 
its  natural  complement,  the  great  trough  of  the  Pacific,  which  is  bent  up  in  the 
middle  by  the  mightiest  of  all  the  submarine  buckles  of  the  earth-crust,  on  which 
stand  the  oceanic  islands  of  the  central  Pacific. 

But  if  this  be  true,  then  the  septum  of  all  septa  on  our  present  earth-crust 
must  cross  our  grandest  earth  fold  where  the  very  steepest  gradient  occurs  along 
this  line,  and  it  must  constitute  the  centre-point  of  the  moving  earth  fold,  and  of 
greatest  present  volcanic  activity.  And  where  is  this  most  sudden  of  all  de- 
pression ?  Taught  once  more  by  our  geological  fold,  the  answer  is  instantaneous 
and  incontrovertible.  It  is  on  the  shores  of  Japan,  the  mightiest  and  most  active 
of  all  the  living  and  moving  volcanic  localities  on  the  face  of  our  globe. 

But  the  course  of  the  line  which  we  indicated  as  forming  our  grandest  terres- 
trial folds  returns  upon  itself.  It  is  an  endless  fold,  an  endless  band,  the  common 
possession  of  two  sciences.  It  is  geological  in  origin,  geographical  in  effect  It 
is  the  wedding-ring  of  geology  and  geography,  uniting  them  at  once  and  for  ever 
in  indissoluble  union. 

Such  an  endless  fold  again  must  have  an  endless  septum,  which,  in  the  nature 
of  things,  must  cross  it  twice.  Need  I  point  out  to  the  merest  tyro  in  these 
wedded  sciences  that  if  we  unite  the  Old  and  New  Worlds  and  Australia,  with 
their  intermediate  sags  of  the  Atlantic  and  Indian  Oceans,  as  one  imperial  earth 
arch,  and  r^[ard  the  unbroken  watery  expanse  of  the  Pacific  as  its  complementary 
depression,  then  the  circular  coastal  band  of  contrary  surface  flexure  between 
them  should  constitute  the  moving  master  septum  of  the  earth's  crust.  This 
is  the  "Volcanic  Girdle  of  the  Papific,"  our  "Terrestrial  Ring  of  Fire." 

Or,  finally,  if  we  rather  regard  the  compact  arch  of  the  Old  World  itself  as 
the  natural  complement  of  the  broken  Indo- Pacific  depression,  then  the  most 
active  and  continuous  septal  band  of  the  present  day  should  divide  them.  Again 
our  law  asserts  itself  triumphantly.    It  is  the  great  volcanic  and  earthquake  Ixind 
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en  which  are  strung  the  Festoon  Islands  of  Western  Asia ;— the  band  of  Mont 
St.  Elias,  the  Aleutians,  Kaintchatka,  and  the  Kuriles ; — the  band  of  Fusijanu, 
Krakatoa,  and  Sangir.  The  rate  of  movement  of  the  earth's  surface  doubdea 
everywhere  varies  directly  as  the  mdient 

We  find,  therefore,  that  even  if  we  restrict  our  observations  to  the  most  simpk 
and  elementary  conception  of  the  rock  fold  as  being  made  up  of  arch-limh, 
trough-limb,  and  twisting  but  still  continuous  septum,  we  are  able  to  connect,  in 
one  unbroken  chain,  the  minutest  wrinkle  of  the  finest  lamina  of  a  geological 
formation  with  the  grandest  geographical  phenomena  on  the  face  of  our  glolx. 

We  find,  precisely  as  we  anticipated,  that  the  wave-like  surface  of  the  earth  of 
the  present  day  reflects  in  its  entirety  the  wave-like  arrangement  of  the  geolc^cal 
formations  below.  On  the  land  we  find  that  the  surface  arches  and  troughs  answer 
precisely  to  the  grander  regional  anticlines  and  syncUnes  of  the  subterranesa 
sedimentary  sequence ;  and  it  may,  I  believe,  be  regarded  as  certain  that  the 
submarine  undulations  have  a  similar  or  complementary  relationship.  We  find  ia 
the  New  Geology,  as  Hutton  found  in  the  Old,  that  geography  and  geology  are 
one.  We  find,  as  we  suspected,  that  the  physiognomy  ot  the  face  of  our  globe 
is  an  unerring  index  of  the  solid  personality  beneath.  It  bears  in  its  lineameqts 
the  characteristic  family  features  and  the  conmion  traits  of  its  long  line  of  geological 
ancestors. 

Such,  it  seems  to  me,  is  an  imperfect  account  of  the  introductory  paragraphs  of 
that  great  chapter  in  the  New  Geology  now  in  course  of  interpretation  by  geologists 
of  the  present  day ;  and  we  have  translated  them  exactly  in  the  old  way  by  the  aid 
of  the  only  living  geological  language,  namelv,  the  language  of  present  natural 
phenomena,  and  I  doubt  not  that  sooner  or  later  the  rest  of  this  great  chapter 
will  be  read  by  the  same  simple  means. 

I  have  strictly  confined  myself  to-day  to  the  discussion  of  the  characteristics 
of  the  simple  geological  fold  as  reduced  to  its  most  elementary  terms  of  arch, 
trough,  and  unbroken  septum  ;  for  this  being  clearly  understood,  the  rest  naturally 
follows.  But  this  twisted  plate  is  really  the  key  which  opens  the  entire  treasure* 
house  of  the  A'nv  Geology^  in  which  lie  spread  around  in  bewildering  confusion 
facts,  problems,  and  conclusions  enough  to  keep  the  young  geologist  and  other 
scientific  men  busily  at  work  for  many  a  long  year  to  come. 

Into  this  treasure-house  I  often  wander  myself,  in  the  few  leisure  hours  that 
I  can  steal  from  a  very  busy  professional  life ;  and  out  of  it  I  bring  now 
and  again  heresies  that  sometimes  amuse  and  sometimes  horrify  my  geological 
friends.  As  you  have  so  patiently  listened  to  what  I  have  already  said,  perhaps 
you  will  permit  me  in  a  few  final  sentences  to  indicate  in  brief  some  of  those 
novelties  which  I  see  already  more  or  less  clearly,  and  a  few  of  those  less  novel 
points  on  which  it  appears  to  me  that  more  light  is  wanted.  My  excuse  is  twofold, 
first,  to  furnish  material  for  work  and  controversy  to  the  young  geol<^sts ;  and 
second,  to  obtain  aid  for  myself  from  workers  in  other  walks  of  science. 

The  account  of  the  simple  rock-fold  which  I  have  already  given  you  is  of 
the  most  elementary  kind.  It  presupposes  merely  the  yielding  to  tangential 
pressure  from  front  and  back,  combined  with  effectual  resistance  to  sliding, 
but  in  the  layers  of  the  earth-crust  there  is  always  in  addition  a  set  of 
tangential  pressures  theoretically  at  right  angles  to  this.  The  simple  fold 
becomes  a  Jolded  fold^  and  the  compound  septum  twists  not  only  vertically  but 
laterally.  On  the  surface  of  the  globe  the  double  set  of  longitudinal  and 
transverse  waves  brought  about  in  this  way  is  everywhere  apparent.  They 
account  for  the  detailed  disposition  of  our  lands  and  our  waters,  for  our 
present  coastal  forms,  for  the  direction,  length,  and  disposition  of  our  mountain- 
ranges,  our  seas,  our  plains,  and  lakes.  I'he  compound  arch  becomes  a  dome, 
its  complementary  trough  becomes  a  basin.  The  elevations  and  depressions, 
major  and  minor,  are  usually  twinned,  like  the  twins  of  the  mineralogist,  the 
complementary  parts  being  often  inverted,  and  turned  through  180''  (compare 
Italy  with  the  Po-Adriatic  depression).  Every  upward  swirl  and  eddy  has  its 
answering  downward  swirl.  The  whole  surface  of  our  globe  is  thus  broken 
up  into  fairly  continuous  and  paired  masses,  divided  from  each  other  by  moving 
areas  and  lines  of  mountain  making  and  crust  movement,  so  that  the  surface  of  the 
earth  of  the  present  day  seems  to  stand  midway  in  its  structure  and  appearance 
between  the  surfaces  of  the  sun  and  the  moon,  iu  eddies  wanting  the  inobiiity  of 
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those  of  the  one  and  the  vgrtaaetrf  of  thoee  of  the  other.  In  the  ^logy  of  the. 
earth-crusty  abo,  the  ioter-croesuig  (^  the  two  sets  of  folds,  theoreticallj  at  right 
angles  to  each  other,  gires  rise  to  effects  equally  startling.  It  lies  at  the  origin 
of  the  thnut-plane  or  over&alt,  where  the  septal  region  of  contrary  motion  in  the 
fold  becomes  reduced  to,  or  is  represented  b^,  a  plane  of  contrary  motion.  It 
allows  us  to  connect  together  under  one  set  of  homologies  folds  and  iaults.  The 
downthrow  side  of  the  fault  answers  to  the  trough,  the  upthrow  side  to  the 
arch,  of  oar  longitudinal  fold,  while  the  fault-plane  itself  represents  the  septal  area 
reduced  to  zero.  The  node  of  the  fault,  and  the  alternation  and  alteration  of 
throw,  are  dne  to  the  effects  of  the  transverse  folding. 

These  transverse  folds  of  different  grades,  which  affect  the  various  la3fers  of  the 
eaith-cmst  differentially,  account  ilso  for  the  formation  of  lacoolites,  of  granitic 
cores,  and  of  petrological  provinces.  They  enable  us  also  to  understand  many  of 
the  phenomena  of  metamorphism. 

Of  the  fcdds  of  the  third  order^  I  s&all  here  say  nothing,  but  I  must  frankly 
admit  that  the  primal  cause  of  all  this  tan^ntial  movement  and  folding  stress  is 
still  as  mysterious  to  me  as  ever.  I  inclme  to  think  that  the  motion  is  due  to 
many  causes—to  tidal  action,  to  sedimentation,  and  many  others.  I  cannot  deny, 
however,  that  it  may  be  mainly  the  result  of  the  contraction  in  diameter  of  our 
earth,  due  to  the  loss  of  its  original  heat  into  outer  space  ?  For  everywhere  we 
find  evkiences  of  symmetrical  crushing  of  the  earth-crust  by  tangential  stresses. 
£ver3rwhere  we  find  proofs  that  the  various  layers  of  that  crust  have  been  most 
affected  differentially,  and  the  outer  layers  have  been  bent  the  most.  We  seem 
to  be  dealing  not  so  much  with  a  solid  globe  as  with  a  globular  shell  composed 
of  many  layers. 

Is  it  not  just  possible  after  all  that,  as  others  have  suggested,  our  earth  is  such 
a  hollow  shell,  or  series  of  concentric  shells,  on  the  surface  of  which  gravity  is  at 
a  maximum,  and  in  whose  deepest  interior  it  is  non-existent  ?  May  this  not  be 
so,  also,  in  the  case  of  the  sun,  through  whose  spot-eddies  we  possibly  look  into 
a  hollow  interior  ?  If  so,  perhaps  our  present  nebulae  may  also  be  hollow  shells 
formed  of  meteorites ;  on  the  surfaces  of  these  shells  the  fiery  spirals  we  see 
would  be  the  'Swirls  which  answer  to  the  many  twisting  crustal  septa  of  the 
earth.  Our  comets,  too,  in  this  case  might  be  elongated  ellipsoids,  whose  visible 
parts  would  be  merely  interference  phenomena,  or  sheets  of  differential  movement. 

In  this  case  we  have  represented  before  us  to*day  the  past  of  our  earth  as  well 
as  its  present.     Uniformity  and  Evolution  are  one. 

Thus  from  the  microscopic  septa  of  the  laminae  of  the  geological  formations  we 
pass  outwards  in  fact  to  tnese  moving  septa  of  our  globe,  marked  on  the  land  by 
our  new  mountain  chains,  and  on  the  shores  bv  our  active  volcanoes.  Thence  we 
sweep,  in  imagination^  to  the  fiery  eddies  of  the  sun,  and  thence  to  the  glowing 
swirls  of  the  nebulae ;  and  so  outwards  and  upwards  to  that  most  glorious  septum 
pf  all  the  visible  creation,  the  radiant  ring  of  the  Milky  Way. 

Professor  George  Darwin,  in  his  Address  to  the  section  of  Mathematical  and 
Physical  Science  at  the  meeting  of  the  British  Association  at  Birmingham  in  1886, 
with  all  the  courage  of  genius,  and  the  authority  of  one  of  the  sons  ofthe  prophets, 
acknowledged  that  it  seems  as  likely  that  '*  meteorolog^y  and  geology  will  pass  the 
word  of  command  to  cosmical  physics  as  the  converse."  Behind  this  generous 
admission  I  shelter  myself.  But  I  feel  absolutely  confident  that  long  after  the 
physicists  may  have  swept  away  these  astronomical  suggestions  as  *'  the  baseless 
fabric  of  a  vision,'*  there  will  still  remain  in  the  treasure-house  of  the  geological 
fold  a  wealth  of  abundant  material  for  the  use  of  the  mathematician,  the  physicist, 
the  chemist,  the  mineralogist,  and  the  astronomer,  of  the  deepest  interest  and  of 
the  highest  value. 

Note. — The  first  Part  of  the  above  Address  was  .set  up  inadvertently  from  an 
uncorrected  proof.  Most  of  its  errors  explain  themselves,  but  for  the  sake  of 
clearness,  the  reader  should  substitute  the  following  for  the  corresponding 
paragraphs  on  pp.  420-421. 

In  the  earlier  days  of  geology  one  of  the  first  points  recognised  by  our  strati- 
graphists  was  the  fact  that  the  formations  were  {successive  lithological  sheets,  whose 
truncated  outcropping  edges  formed  the  present  surface  of  the  land,  and  that  these 
sheets  lay  inclined  at  an  angle  one  over  the  other,  as  William  Smith  quaintly 


476      EevletDS — Ouide  to  the  Oeological  Gallery,  Edinburgh. 

expressed  it,  like  a  tilted  *pile  of  slices  of  bread  and  butter.*  But  as  discoTcrf 
progressed  the  explanation  of  this  arrangement  soon  became  evident.  The 
formations  revealed  themselves  as  a  series  of  what  had  originally  been  deposited  as 
horizontal  sheets,  lying  in  regular  order  one  over  the  other,  but  which  had  been 
subsequently  bent  up  into  alternating  arches  and  troughs  {i.e,  the  anticlines  and 
synclines  of  the  geologist),  their  visible  parts,  which  now  constitute  the  surface 
of  our  habitable  lands,  are  simply  those  parts  of  the  formations  which  are  cut 
by  the  irregular  plane  of  the  present  earth*s  surface.  All  those  parts  of  the 
great  arches  and  troughs  formerly  occurring  above  that  plane  have  been  removed  by 
denudation  ;  all  those  parts  below  that  plane  lie  buried  still  out  of  sight  within  the 
solid  earth-crust. 

Although  in  every  geological  section  of  sufficient  extent  it  was  seen  that  the 
anticline  or  arch  never  occurred  without  the  syncline  or  trough — in  other  words, 
that  there  was  never  a  rise  without  a  cqrresponding  fall  of  the  stratum.  Yet  it 
is  only  of  late  years  that  the  stratigraphical  geologist  has  come  clearly  to  recog- 
nize the  fact  that  the  anticline  and  syncline  must  be  considered  together,  and 
must  be  united  as  a  single  crust-wave,  for  the  arch  is  never  present  without  its 
complementary  trough,  and  the  two  together  constitute  the  Uctontc,  sirttcturaly 
or  orographic  unit^  namely,  The  Fold^  the  study  of  which,  so  brilliantly  in- 
augurated by  Heim  in  his  **  Mechanismus  der  Gebirgsbildung,  **  is  destined,  1 
believe,  in  time,  to  give  us  the  clue  to  the  laws  which  rule  in  the  local  elevation 
and  depression  of  the  earth-crust,  and  furnish  us  with  the  means  of  discovery  of 
the  occult  causes  that  lie  at  the  source  of  those  superficial  irregularities  which 
give  to  the  face  of  our  globe  its  variety,  its  beauty,  and  its  babitability. — ^Edit. 
Geol.  Mag. 


la  E  "V^  I  E  -W  S. 

Edinbubqh  Museum  of  Soibnoe  and  Art  Guidk  to  the  Geo- 
LOGICAL  Gallery.  8vo.  Niel  &  Co.,  Edinbuirgb,  and  H.  M. 
Stationery  Office,  1892. 

THE  Soience  and  Art  Department  having  sanctioned  the  removal 
of  the  Collection  made  by  the  Geological  Survey  of  Scotland, 
and  its  rearrangement  in  the  Grand  Museum  of  Science  and  Art  in 
Edinburgh,  it  can  now  be  most  advantageously  studied.  An  exten* 
sive  gallery,  the  upper  floor  of  the  west  wing,  is  devoted  to  the 
exhibition  of  minerals,  rocks,  and  fossils,  not  only  those  collected  by 
the  Survey,  but  those  given  by  Messrs.  Dudgeon  and  Milne,  Prof. 
Heddle,  Dr.  Wilson,  and  others,  and  illustrative  of  the  structure 
and  geological  history  of  Scotland.  The  rock -specimens  are  arranged, 
together  with  the  Geological  Maps,  as  far  as  possible  according  to 
their  respective  Counties;  and  the  rocks  are  most  fully  displayed 
under  the  district  where  they  are  most  typically  represented,  with 
ample  references,  by  means  of  numbers  and  otherwise,  to  the 
localities.  Descriptive  labels  for  the  petrology,  geology,  and  topo- 
graphy accompany  the  specimens.  An  index-oolleotion  of  rock* 
types  is  also  at  hand  for  the  use  of  students. 

In  the  Guide  here  noticed,  the  order  and  contents  of  the  cases 
illustrative  of  the  petrological  geology  of  the  several  Counties  of 
Scotland  are  given  in  detail.  The  stratigraphioal  collection  of 
Scottish  Fossils  is  similarly  treated,  but  not  so  fully:  and  the 
minerals  are  briefly  noticed.  Some  geological  models  and  photo- 
graphs are  also  mentioned. 
.  The  Department  of  Science  and  Art  has  to  be  congratulated  on  the 
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excellent  manner  in  which  this  new  arrangement  of  the  Oeologtoal 
liofieum  haa  been  earned  cat,  and  on  the  praiseworthy  attempt  to 
^ve  every  possible  opportontty  and  oonvenienoe  for  the  study  of 
Seology  in  ute  great  Northern  Capital. 
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THE  MAMMOTH  AND  THE  GLACIAL  DRIFT. 

Sia, — From  the  lofty  heights  of  literary  critioiam  Sir  Henry 
loworth  looks  down  upon  the  struggling  company  of  practical 
^eologistSy  and  seems  to  think  that  he  gains  a  much  better  view  of 
he  problems  to  be  solved  than  those  who  are  toiling  among  the 
neqnalities  of  the  plain  below. 

The  toilers  on  the  plain,  however,  will  be  apt  to  think  that  they 
san  perceive  the  structure  of  these  inequalities  better  than  the  man 
nrho  surveys  them  from  such  a  distant  standpoint,  and  when  this 
|>erson  boldly  proclaims  from  his  mountain-top  that  the  geologists 
ire  making  great  mistakes  they  will  naturally  ask  him  if  he  has  ever 
;aken  a  nearer  view  of  the  deposits  he  poiilts  to.  Now  it  does  not 
ippear  that  Sir  Henry  Howorth  has  had  any  practical  experience  as 
I  geologist ;  he  evidently  has  a  considerable  acquaintance  with  the 
literature  of  Pleistocene  geology,  but  geologists  cannot  accept  this 
u  a  sufficient  qualification  for  dealing  with  such  a  difficult  subject 
AS  the  relative  ages  of  British  Pleistocene  deposits.  His  lack  of 
practical  acquaintance  with  the  deposits  he  is  writing  about  shows 
itself  on  page  400,  where  he  quotes  Prof.  Flower's  discovery  of  flint 
implements  **  at  Thetford  on  the  Ouse  "  as  bearing  on  the  age  of  the 
^vels  in  the  valley  of  the  Ouse  near  Bedford  I  Is  it  possible 
that  from  his  lofty  standpoint  Norfolk  and  Bedfordshire  seem  close 
together  ? 

It  is  of  course  perfectly  logical  to  form  a  theory  and  then  to  see 
if  it  harmonises  with  the  facts,  but  if  he  imagines  that  he  has 
exhausted  the  data  on  which  geologists  ground  their  belief  that  some 
of  the  mammaliferous  gravels  are  of  later  date  than  the  East  Anglian 
Bonlder-clays,  he  is  very  much  mistaken,  and  his  claim  to  have 
proved  that  deposits  containing  the  Mammoth  fauna  are  never 
underlain  by  Olacial  Drift  is  simply  preposterous. 

To  disprove  a  universal  negative  a  single  case  is  of  course 
sufficient,  and  he  actually  quotes  such  a  case  without  recognizing  it 
as  such.  This  is  the  section  near  Burgh,  in  Lincolnshire,  where 
gravel  with  mammalian  bones  is  intercalated  between  two  sheets  of 
Boulder-clay,  the  lower  bed  or  **  marl "  being  really  the  main  mass 
of  Boulder-clay.  Whether  my  description  of  the  locality  fails  to 
make  this  clear  to  the  reader  I  cannot  say,  for  I  have  not  a  copy  of 
the  memoir  with  me  in  the  country. 

I  believe,  too,  though  here  I  do  not  speak  from  personal  know- 
ledge, that  there  is  no  doubt  about  the  superposition  of  the  brick- 
earth  at  Hoxne.  Mr.  H.  B.  Woodward  distinctly  states  that  the 
Bection  he  saw  in  1878  had  chalky  Boulder-clay  beneath  it/  though 

^  Geology  of  England  and  Wales,  1887,  p.  516. 
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lie  admits  that  small  pockets  of  such  olay  were  also  seen  above  ik 
Why  does  Sir  Henry  Ho  worth  only  qaote  the  latter  statement  and 
not  the  former  ? 

If  Sir  Henry  will  study  the  facts  in  the  field,  and  especially  if  hs 
will  have  a  few  excavations  made  at  any  of  the  localities  where  the 
relative  age  of  the  beds  is  doubtful,  he  will  earn  the  gratitude  of 
geologists,  but  his  present  methods  of  controversy  do  not  entitle  him 
to  their  respect 

There,  is  an  excellent  field  for  research  at  Brandon  ;  it  is  easy  to 
prove  that  some  of  the  brick-earths  pass  under  the  Boulder-claj, 
but  there  still  remain  two  points  to  be  decided,  (1)  do  such  brick- 
earths  contain  flint  implements?  (2)  are  there  not  other  deposits 
containing  flint  implements  and  mammalian  remains  which  rest  on 
this  Boulder-day  ? 

Let  Sir  Henry  Howorth  do  for  Geology  what  G^eneral  Pitt-River« 
has  done  for  Archaeology,  and  we  will  welcome  the  results.  Mean- 
time any  further  endeavour  to  support  a  preconceived  theory  by  a 
partial  examination  of  written  statements  will  hardly  be  welcome  to 
readers  of  this  Magazine. 

September  6th,  1S92.  A.  J.  Jukbs-Brownb. 

SHAPES  OF  SAND  GRAINS. 

Sib, — It  is  pleasant  to  hear  from  so  experienced  an  observer  as 
Mr.  Cecil  Cams- Wilson  that  the  views  expressed  in  my  paper  on 
Olacial  Geology  on  the  generally  superior  roundness  of  Marine 
Sands  as  compared  with  river  sands  are  borne  out  by  his  own  in- 
dependent observations. 

My  remarks  on  the  rounding  of  sand  grains  were  strictly  limited 
to  its  bearing  on  glacial  geology.  The  sand-dunes  referred  to  were 
those  of  our  own  coast  Here  from  Crosby  to  Southport  we  have 
23  square  miles  of  Blown  sand  which  I  have  been  living  on  and 
working  in  as  an  engineer  for  the  last  25  years.  I  can  find  ni^ 
detectable  difference  in  form  between  the  sand  grains  of  the  shore 
and  those  of  the  dunes. 

Desert  sands  are  of  course  out  of  the  question  in  glacial  geology, 
and  I  quite  agree  with  Mr.  Cams- Wilson's  observations  relative  to 
them.  His  other  interesting  observations  shall  have  my  attention 
)n  future  work. 

I  have  found  my  sand  investigations  of  the  greatest  use  in  glacial 
geology,  though  not  originally  undertaken  for  that  purpose.  The 
polish  in  some  of  the  glacio-marine  sand  grains  is  quite  remarkable. 
lio  glacial  ahdly  sands  that  I  have  examined  fail  to  show  much 
j-ounding  of  the  grains — not  only  those  quartz  but  the  undoubted 
glacially  derived  materials  also.  There  are  also  other  glacial  8he!leB8 
sands  of  which  there  are  the  most  convincing  evidences  of  marine 
origin  that  exhibit  equal  evidences  of  extreme  attrition. 

The  non-marine  but  purely  glacial  sands  are  invariably  angular. 
I  have  just  received  from  Professor  J.  J.  Stevenson,  of  New  York, 
a  sample  of  sand  from  Glacier  Bay  in  front  of  the  Muir  Glacier, 
Alaska,  which  is  remarkably  angular  in  grain. 


B  til  instmnieBta  of  wMUch,  tkk  one  of  uhtkpe  must  be  uMd 
oommon  aenae  and  the  nnomding  cueamsunoes  taken  into 
lentioQ,  bat  when  es  on  Motl  Trjfnen  extieraely  roanded  an<l 
ed  gnuna  of  qnarta  an  foond  amongst  a  great  mats  of  very 
ur  material  they  may  be  tieated  as  enatiot.  No  rock  In  the 
boorhood  could  jield  them,  and  to  the  edooaled  eje  they  at 
proclaim  their  sea-origin,  whafeerer  mode  of  tianeit  maj  be 
ttically  proTided  lor  them  aooording  to  the  proclivities  of  the 
^;iBt. 

m  glad  of  the  opportunity  of  reiterating  these  Tiews  first 
ht  forward  In  a  paper  reoently  read  before  the  Qeological 
y.  T.  Mkujlbd  Bkadb. 

t  OuBsaa,  BinanwLiaABiM,  8t^  7<A,  189S. 

*  ■      » ■  _  ■         . 

THE    BOCKS    OF    SOUTH    DEVON. 

, — Now  that  Mr.  A.  R.  Hant's  three-months-long  dissertation 
I  DeTonian  Bodn  of  Sonth  Deron  has  oome  to  an  end,  I  may 
[)aoe  for  a  Tory  lew  words,  as  I  do  not  intend  to  discass  the 
}t  in  detaiL 

attaches  importanoe  to  mineral  ooinoidenoes  between  the 
B  and  the  admitted  Devonian  rocks.  Some  of  these,  such  as  the 
•res,  seem  to  me  very  mooh  of  a  Monmoatb-Macedon  type ; 
I  to  be  more  naturally  explained  by  supposing  that  the  latter 
ierived  some  of  their  materials  from  the  former  or  a  kindred 
Iline  group,  an  alternative  which  seems  to  me  inadequately 
laed  in  his  paper. 

I  have  always  held  that  the  dark  mioa-sobists  were  once 
ents,  as  the  Devonian  phyllites  have  been,  and  I  have  never 
3  the  possibility  that  some  of  the  green  chlorite -schists 
lally  might  have  been  basic  igneous  rocks,  parts  of  Mr.  Hunt's 
aents  do  not  affect  my  position. 

»m  Mr.  Hant's  paper  I  infer  that  he  is  not  aware  that  a  schist, 
crushing  (particularly  if  dark  in  colour),  is  sometimes  very 
lit  to  distinguish  from  a  much-squeezed  dark  slate ;  also  that 
other  crushed  crystalline  rocks  simulate  squeezed  grits.  TIio 
ilties  are  local,  and  generally  can  be  overcome  when  you  know 

to  look  for,  but  they  are  so  real  that  I  always  hesitate  to 
ss  an  opinion  on  microscopic  slides  when  I  have  not  seen  tho 
n  the  field,  and  even  then,  once  or  twice,  whtMi  the  outcrops 
scanty,  have  been  unable  to  come  to  a  conclusion. 
lave  never  denied  that  what  it  is  now  the  fashion  to  oall 
dometamorphism  has  greatly  modified  both  the  schists  and  tl  o 
lian  rocks,  but,  in  calling  attention  to  it,  I  pointed  out  tliat  i\u^ 
»t  "  went  into  the  mill"  as  schists,  the  other  as  clays.  I  «lo 
id  that  Mr.  Hunt  has  adequately  discussed  this  very  iniportnnt 
r. 

ring  the  nine  years  which  have  elapsed  since  my  pnp»»r  was 
m,  I  have  many  times  examined  both  my  own  and  other 
nens  from  Soiith  Devon,  and  have  had  unusiial  opportnnitiim  of 
Lng,  in  other  regions,  similar  rocks  and  some  seotions  which 
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were  very  helpful  in  illustnting  those  of  the  Start  district  So, 
with  a  greatly  enlarged  experience,  hoth  in  the  field  and  with  the 
microsoope,  I  could  now  improve  my  former  paper  (e.^*  I  could 
amend  the  accounts  of  the  ''  chloritic  "  rocks ;  should  be  more  ready 
to  recognise  altered  basic  igneous  rocks  among  them;  should  say 
that  the  mineral,  very  doubtfully  identified  with  kyanite,  and  some 
of  the  smaller  grains  of  water-dear  mineral — thonght  then  to  be 
quartz — were  more  probably  secondary  felspars),  but  I  shoald 
express  myself,  if  possible,  yet  more  confidently  as  to  the  distinction 
ia  lithological  characters  and  geological  age  of  the  two  groups  of 
rocks,  the  schists  and  the  slaty  Devonian  system. 

Mr.  Hunt,  so  far  as  I  can  judge  from  internal  evidence,  has  bad 
little  experience  in  dealing  with  problems  such  as  that  which 
he  attempts — perhaps  the  most  difficult  presented  to  petrologista 
Possibly  his  experience  may  be  commensurate  with  my  own,  but 
till  I  have  reason  to  believe  that  he  has  studied  such  problems  in 
other  fields  than  South  Devon,  and  has  ample  materials  at  bis 
command  for  the  necessary  research,  I  must  decline  to  do  more 
than  say  that  my  original  opinion  is  not  in  any  way  altered  by  bia 
dissertation* 

T.  G.  Bonnet. 


"  CONE-IN-CONE    STKUCTURE." 

Sib, — In  the  September  Number  of  the  Gkolooical  Magazink 
there  is  a  note  by  W.  S.  Gresley,  on  "  Cone-in-oone  Structure,"  in 
which  he  refers  to  "  Mr.  John  Young's  theory  of  how  the  rock  was 
formed."  With  your  kind  permission,  I  beg  to  state,  that  I  have  na 
"  theory  "  on  the  above  subject,  and  in  connection  with  the  explana- 
tions that  I  have  given  of  the  cone  structure  in  my  paper,^  the  word 
'*  theory  "  is  never  used  in  any  of  my  own  explanations,  but  it  will 
be  found  on  p.  25,  where  I  give  the  opinion  of  Professor  Newberry, 
who  there  uses  the  word  *'  theory  "  in  connection  with  cone  forma- 
tion, "  and  the  upward  escape  of  gases  through  a  pasty  medium.'* 
Begarding  its  formation,  all  the  explanations  that  I  have  ventured  to 
give  are  founded  upon  what  is  revealed  in  the  best  preserved,  and 
most  illustrative  specimens  of  the  cone  structure  that  I  have  found 
in  the  carboniferous  strata  of  the  West  of  Scotland,  and,  I  do  not 
think,  that  in  these  explanations  of  the  various  points  of  structure, 
that  I  have  stated  anything  beyond  what  the  specimens  themselves 
most  clearly  reveal.  I  have,  in  various  parts  of  my  paper,  pointed 
out  that  there  are  structures  which  have  been  referred  to  **  cone-in- 
cone,"  but  which  present  appearances  so  dissimilar  to  those  noticed 
in  my  paper,  that  to  them  my  explanations  do  not  apply,  stating, 
that  they  will  each  "  have  to  be  described  with  reference  to  their 
external  characters  and  internal  structures."  Jq^^  Young  F.G.S. 
HuifTERiAif  Museum,  Ukiybrsitt,  Glasgow. 

^  Trans.  Geol.  See.  Glasgow,  vol.  riii. 
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I. — ^FuBTHKB  Contributions  to  Knowlrdge  of  the  Dbyoniam  Fish- 
fauna  OF  Canada. 

By  Arthur  Smith  Woodward,  F.L.8.,  F.6.8. 

(PLATE  XIII.) 

EARLY  in  the  year  the  present  writer  published  some  notes  on 
the  Lower  Devonian  Fishes  of  Campbellton,  New  Brunswick, 
collected  by  Mr.  Jex  in  the  summer  of  1891.*  Since  that  date  the 
remainder  of  the  collection,  comprising  a  very  large  series  of  speci- 
mens from  the  Upper  Devonian  of  Scaumenac  Bay,  in  the  Province 
of  Quebec,  has  been  acquired  by  the  British  Museum  ;  and  materials 
are  thus  forthcoming  for  some  further  observations. 

I.  On  thb  Body-abmoub  of  PhlyeUBna»pt8  acadiea. 

Before,  however,  proceeding  to  a  consideration  of  the  fishes  of  the 
Upper  Devonian,  a  few  additional  examples  of  FhlycUxna$p%$  from 
Campbellton  are  worthy  of  brief  note,  in  reference  to  the  body- 
armour.  The  presence  of  a  number  of  plates,  much  resembling 
those  of  the  ordinary  CoeeoBteus,  has  already  been  determined  by 
Whiteaves ; '  the  median  dorsal  and  the  ventro-lat«ral  plates  being 
especially  similar.  It  is  also  evident,  from  certain  of  the  new 
specimens  (Brit  Mus.,  Nos.  P;  6674-75),  that  the  body-armour  in 
Fh!yctcBn<Mpi8  is  articulated  with  the  head -shield  by  means  of  a  boss 
on  each  anterior  dorso-lateral  plate,  exactly  as  in  Coecosteua.  There 
are,  nevertheless,  certain  small  plates  that  cannot  be  placed  with 
reference  to  the  last-named  familiar  genus ;  and  it  is  not  unlikely 
that  some  of  these — notably  the  symmetrical,  ridged  examples — will 
prove  to  occur  on  the  otherwise  unarmoured  tail. 

But  the  most  striking  feature  in  the  body-armour  of  Phlyctcenaapia, 
now  shown  for  the  first  time,  is  the  presence  of  a  pair  of  fixed 
spines,  each  apposed  in  the  greater  part  of  its  extent  to  a  lateral 
plate  of  the  trunk  (Fig.  1).  These  spines  are  robust  but  hollow, 
compressed,  very  slightly  arched,  tapering  at  both  ends,  and  marked 
with  irregular  longitudinal  series  of  tubercles.  They  are,  indeed, 
precisely   similar  in  external    form  and  appearance  to  those    of 

»  Smith  Woodward.  **  On  the  Lower  DevoDian  Fish- Fauna  of  Campbellton,  New 
Brunswick,"  Gkol.  Mao.  Dec.  III.  Vol.  VIII.  pp.  1-6,  PI.  I.  (1892). 

2  J.  F.  Whiteaves,  "  Illustrations  of  the  Fossil  Fishes  of  the  Devonian  Rocks  of 
Canada,  Part  I.,**  Trans.  Koy.  Soc.  Canada,  vol.  vi.  sect.  iv.  pp.  94,  95,  pi.  ix. 

(1888). 
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Acanthaspts  ;  *  and  so  far  as  can  be  judged  from  known  speoimens, 
they  only  differ  from  the  last- mentioned  spines  in  the  ciroamstanoe, 
that  the  supporting  plate  is  destitute  of  the  extended  oblique  pedicle 
observed  both  in  the  type  specimens  from  the  Comiferous  Lime- 
stone of  Ohio  and  in  the  shield  assigned  to  the  same  genus  from 
Spitzbergen.*  It  thus  remains  to  discover  moro  associated  examples 
of  the  plates  and  spines  from  Ohio,  to  determine  whether  they 
actually  pertain  to  Ostracoderms,  as  suspected,  or  whether  they 
represent  part  of  the  armour  characteristic  of  Arthrodira;  for  the 
fixed  spinous  appendage  is  now  proved  to  occur  in  both  of  these 
widely  separated  groups. 


Fio.  1. — Spinous  appendage  of  dermal  armour  of  PhlyetmfuupU  aeadiea, 

II.  New  Species  from  the  Upper  Devonian,  Soaxtmbnao  Bat. 

The  fossils  from  Scanmenac  Bay  comprise  numerous  fine  examples 
of  the  known  species  of  Bothriolepis,  Acanthodes,  Phaneropleuron, 
Eu8thenopteron,  and  Cheirolepts.  Among  them  there  are  also  romains 
of  two  additional  genera,  hitherto  not  discovered  in  Canada;  and  the 
best  of  these  specimens  aro  shown  in  Plate  XIII.  One  genus  is  the 
Acanthodian  DtplacanthuSf  only  known  previously  from  the  Lower 
Old  Red  Sandstone  of  Scotland;  the  other  is  Coccosteus,  of  very 
wide  range  in  the  Old  Ked  Sandstone,  both  as  regards  time  and  space. 

Diplacanthus  horridus,  sp.  nov.     [Plate  XIII.  Fig.  1.] 

8p.  Char, — A  species  of  moderate  size,  attaining  a  length  of  not 
less  than  0*12;  the  greatest  depth  of  the  trunk  contained  about 
four  times  in  the  total  length  of  the  fish.  Fin-spines  much  elongated, 
with  one  deep  longitudinal  sulcus  parallel  to  the  anterior  margin, 
and  the  sides  either  smooth  or  very  finely  striated.  [Pectoral  fin- 
spines  incompletely  known]  :  median  pectorals  conspicuous,  close 
to  the  former;  pelvic  fin-spines  relatively  large,  about  equalling 
the  anal  fin-spine  in  size.  Dorsal  fin-spines  very  large  and  elongated, 
the  length  of  the  first  much  exceeding  the  depth  of  the  trunk  at  its 
point  of  insertion,  equalling  the  length  of  the  space  between  the 
two  dorsal  fin-spines,  and  larger  than  the  second  fin-spine,  which  is 
diroctly  opposed  to  the  anal  fin-spine,  and  equals  the  latter  in  size. 
Scales  marked  with  prominent  radiating  furrows  and  ridges ;  those 
of  the  lateral  line  in  the  abdominal  rogion  slightly  enlarged. 

Specimens. — This  species  is  determined  on  the  evidence  of  two 
specimens,  of  which  the  type,  in  counterpart,  is  shown  of  three- 

*  J.  8.  Newberry,  **  Fishes  of  the  Devonian  System,"  Geol.  Sunr.  Ohio,  vol.  iL 
pt.  ii.  p.  36  (1876). 

'  Smith  Woodward,  ^*The  Devonian  Fish-Fauna  of  Spitzbergen,"  Ami.  Ma^. 
Nat.  Hist.  [6]  vol.  viii.  p.  4,  pi.  i.  (1891). 
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qnarters  the  natural  size  in  PI.  XIEE.  Fig.  1.  The  head  and 
extremity  of  the  tail  are  imperfect  in  hoth  speoimens,  and  the 
pectoral  fins  are  only  fragmentary ;  bat  otherwise  the  general  form 
and  proportions  of  the  fish  are  well  shown. 

In  the  head  the  large  dermal  tessersa  on  the  cranial  roof,  and 
part  of  the  narrow  ring  round  the  orbit  {orb.),  are  exhibited  by  both 
specimens ;  and  there  is  a  pair  of  small  elements  postero-inferiorly 
(«.),  each  with  a  triangular  expansion  at  one  end,  a  contraction 
mesially,  and  a  less  expansion  at  the  other  end,  probably  repre- 
senting the  "styliform  bone."  Behind  the  orbit  in  the  type 
specimen,  there  is  also  evidence  of  a  vertically-elongated,  super- 
ficially-calcified cartilage,  apparently  the  hyomandibular.  The  as- 
cending portion  of  the  scapular  arch  (x,)  is  distinct  behind  the  bead ; 
and  in  the  type- specimen  one  of  the  median  spines  (m.)  is  well 
shown  immediately  within  the  base  of  the  pectoral  fin-spine  (pcL). 
The  intermediate  ventral  spines  (t.)  are  well  developed  and  exhibited 
in  both  specimens ;  and  the  very  large  pelvic  fin-spines  (ph.)  also 
occur  in  botL  All  the  median  fin-spines  are  more  or  less  fractured, 
though  their  proportions  are  satisfactorily  indicated  (t2|.  d^  a.)-;  and 
in  the  type  specimen  the  fin-membrane  is  seen  to  extend  to  the 
extremity  of  the  spine  in  the  two  dorsals.  All  the  fin-spines  exhibit 
a  single  deep  groove  close  to  and  parallel  with  their  anterior 
border ;  and  the  lateral  face  behind  this  groove  is  feebly  marked 
with  longitudinal  striations,  especially  in  the  anal  fin  of  the  second 
specimen.  The  caudal  fin  (c.)  shows  the  ordinary  Acanthodian 
characters,  and  there  are  traces  of  the  robust,  calcified  heeraal  arches 
of  the  axial  skeleton  at  the  base  of  its  lower  lobe.  The  scales 
(Fig.  la)  are  very  conspicuously  ornamented,  and  the  slight  enlarge- 
ment of  the  two  rows  of  scales  bordering  the  lateral  line  in  the 
abdominal  region  is  distinct  in  both  specimens. 

Affinities, — l^e  species  thus  indicated  belongs  to  the  genus  Dipla^ 
eanthus,  as  defined  in  the  British  Museum  Catalogue  (Pt  II.  p.  23), 
and  differs  notably  from  the  most  closely  allied  species,  D.  longispiniis, 
in  the  very  large  size  of  the  median  fin-spines,  and  in  their  relative 
dimensions  as  noted  in  the  diagnosis. 

Coccosieus  eanadensiSf  sp.  nov.     [Plate  XIII.  Fig.  2.] 

This  species  as  yet  is  not  satisfactorily  definable,  being  known 
only  by  a  weathered  beach-pebble  exhibiting  an  impression  of  the 
head-shield.  The  features  shown,  however,  suffice  to  readily  dis- 
tinguish this  shield  from  all  described  forms  except  the  typical 
Coecosteus  dedpiens;  and  from  the  head-shield  of  the  latter  it 
evidently  differs  (i)  in  its  greater  length  as  compared  with  the 
breadth,  (ii)  in  the  narrower  median  occipital,  and  (iii)  in  the  rela- 
tively smaller  size  of  the  central  plates. 

Almost  the  whole  of  the  border  of  the  shield  is  destroyed,  but 
most  of  the  sutures  and  the  sensory  canals  are  distinctly  exhibited 
in  impression.  The  median  occipital  plate  (tn.  occ.)  is  considerably 
more  than  twice  as  broad  behind  as  in  front,  and  its  superficial 
tuberoulations  are  arranged  in  radiating  series  towards  the  posterior 
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border.  The  lateral  occipital  (I.  oee.),  marginal  (m.),  preoibital 
(p.  0.),  postorbital  {pt  o.),  and  pineal  (p.)  plates  are  imperfect  and 
do  not  require  special  note;  while  the  central  plates  (c)  form  t 
relatively  small  and  not  quite  syrometrioal  pair.  The  sensory  oanali 
of  each  side  are  distinctly  united  in  the  usual  manner  by  a  transverse 
commissure  across  the  central  plates ;  and  it  may  be  added  that  Ae 
white  mark  on  the  lateral  occipital  of  the  right  side  in  the  drawing 
is  an  indication  merely  of  a  fracttire. 

CoecoBteuB  is  already  well  known  to  occur  in  the  typical  Upper 
Old  lied  Sandstone  ;  and  it  is  interesting  to  note  that  in  Russia,  as  in 
Canada,  the  genus  is  found  in  association  with  species  of  Bothriol^pu, 

III.  On  the  Supposed  Jaws  of  Bothriolepis. 

'  In  the  new  collection  the  British  Museum  acquires  many  fine 
examples  of  Bothriolepist  some  displaying  features  not  hitherto 
observed ;  but  the  most  striking  specimens  are  two  exhibiting  the 
supposed  jaws. 

It  has  long  been  known  that  a  pair  of  loose,  narrow  plates  oocars 
on  the  inferior  face  of  the  head  in  the  Asterolepidss.  These  plates 
were  interpreted  by  Pander,*  as  the  two  rami  of  the  lower  jaw; 
and  they  are  placed  by  Traquair*  in  juxtaposition  with  the  anterior 
border  of  the  ventral  body-shield  as  "  mental  plates,"  of  uncertain, 
though  possibly  mandibular  function.  By  Whiteaves,'  however, 
the  pair  of  elements  in  Bothrtolepis  is  represented  as  immediately 
adjoining  the  front  margin  of  the  dorsal  shield,  while  the  space  for 
the  mouth  occurs  behind.  It  is  the  latter  interpretation  that  now 
proves  to  be  correct,  and  a  diagrammatic  sketch  of  the  parts  in  the 
critical  specimen  (No.  P.  6761)  is  given  in  the  accompanying  Wood- 
cut, Fig.  2. 


•  *  ] 


Fig.  2.— Supposed  jaw-plates  of  Bothriolepia  eanadensis. 

This  drawing,  it  will  be  observed,  agrees  well  with  that  of  the 
corresponding  parts  already  given  by  Whiteaves  (he,  eit,  pi.  vii.) 
merely  adding  some  important  details.  In  all  the  specimens  of 
Bothrtolepis  canadensis  in  which  the  present  writer  has  been  ahle 
to  examine  the  plates  in  question,  they  occur  in  close  apposition  to 
the  anterior  margin  of  the  head-shield  as  here  shown ;  and  it  is 
noteworthy  that  there  are  traces  of  an  excavation  of  the  short 
extemo-lateral  margin  of  each  of  these  plates,  as  if  providing  space 

*  C.  H.  Pander,  **  Die  Placodermen  des  DeTonischen  Systems,"  p.  49  (1867). 
'  R.  H.  Traquair,  ''On  the  Structure  and  Classification  of  the  Asterolepide," 

^BL  Mag.  Nat.  Hist.  [6]  vol.  ii.  p.  488,  pi.  xvii.  fie.  2  (1888). 

•  TwoB,  Boy,  Soc.  Canada,  yol.  iy.  sect.  iy.  pi.  yii.  (1886). 
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for  a  pair  of  nasal  openings  at  the  antero-lateral  angles  of  the  snouts 
Mesially,  the  plates  taper  somewhat  to  the  symphysis,  being  in  this 
respect  unlike  those  of  Pteriehthys;  and  the  free  posterior  border 
is  oonvexly  arched.  The  greater  part  of  the  outer  face  of  each  plate 
is  feebly  rugose  and  marked  by  a  sharply  bent  sensory  canal ;  but 
there  is  a  conspicuous  smooth  band  immediately  adjoining  the 
posterior  border,  and  this  is  further  remarkable  for  exhibiting  an 
irregular  series  of  minute  sharp  denticles  different  in  aspect  from 
the  bosses  and  points  of  the  ordinary  surface  ornameut.  It  appears, 
indeed,  as  if  the  pair  of  plates  in  question  formed  the  anterior 
margin  of  the  mouth,  covered  with  an  overlapping  lip  of  soft  tissue 
and  provided  with  a  minute  denticulation.  It  still  remains  to  be 
determined,  however,  in  what  manner  a  jaw  of  this  form  can  have 
worked ;  and  the  opposing  hard  parts,  if  any,  have  yet  to  be 
discovered. 

It  may  be  added  that  internal  to  these  jaw-plates  in  one  specimen 
(P.  6762),  there  occurs  the  very  thin  lamina  of  smooth  bone  already 
noted  by  Whiteaves  (loe,  cit.  1886,  p.  105) ;  and  its  straight  hinder 
margin  is  shown  across  the  space  at  the  symphysis  in  the  drawing, 
Fig.  2.  This  is  evidently  an  internal  bone,  but  it  is  difficult  even 
to  hazard  a  suggestion  as  to  its  homologies  and  function ;  and  the 
interpretation  of  the  element  must  be  deferred  until  the  discovery 
of  still  more  satisfactory  specimens. 

EXPLANATION  OF  PLATE  XIIL 
TTppEB  Deyonian  Fishbs  from  Scaumexac  Bat,  PaoviNCB  of  Qubbbc,  Canada. 

Fio.  1.  .Diplaeanthus  horridua,  sp.  nov. ;  lateral  aspect  of  fish,  three-quarten 
natural  size.  a.  anal  nn-spines ;  e,  caudal  fin ;  d^y  d^.  first  and  secoud 
dorsal  fin-spines;  i.  intermediate  ventral  spines;  m.  median  pectoral 
spine ;  orb.  orbit ;  pet.  pectoral  fin-spine ;  pUo.  pelvic  tin-spiDe ;  «. 
styliform  bones  ;   z.  pectoral  arch.     [Brit.  Mus.,  No.  P.  6756.J 

Fio.  la.  Scales  of  ditto,  much  enlarged. 

Fio.  2.  CoecosUtu  eanadenn»f  sp.  no?. ;  impression  of  external  aspect  of  head -shield, 
two-thirds  natural  size.  e.  central  plates ;  Lace,  lateral  occipital ;  m. 
marginal ;  m.oee.  median  occipital ;  p.  pineal ;  p,o,  pre-orbital ;  pt,o. 
post-orbital.     [Brit.  Mus.,  No.  P.  6755.] 


II. — On  Porphtritio  Qdartz  in  Basio  Igneous  Bogrs. 

By  Alfred  Harker,  M.A.,  F.G.S. 
[Read  before  the  British  Association,  Section  C,  Edinbnrgh  Meeting.] 

ALTHOUGH  the  old-fashioned  ideas  as  to  the  association  of 
different  minerals  held  hy  Breitbaupt  and  others  have  been 
found  to  require  mach  modification,  there  are  still  certain  rules 
which  hold  with  a  high  degree  of  generality.  They  are,  indeed, 
merely  consequences  of  the  principle  tbat  tbe  most  important  of 
tbe  factors  which  determine  the  mineralogical  constitution  of  an 
igneous  rock,  is  tbe  chemical  composition  of  the  magma  from  which 
it  is  formed.  Bougbly  speaking,  we  may  say  tbat  original  free 
silica  and  acid  silicates  occur  cbaracterislically  in  acid  rocks,  more 
basic  silicates  in  basic  rocks.  The  striking  exceptions  are  few  ai^d 
of  comparatively  rare  occurrence.     Thus   the  iron^olivine  fayalite, 
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the  most  basic  of  all  rock-forming  silicates,  has  been  shown  to  exist 
in  certain  highly  acid  lavas,  but  it  is  known  from  two  or  three 
localities  only.  The  case  we  have  chosen  for  discussion  is  the  exact 
opposite  of  this,  viz.  the  occasional  presence  of  free  silica  in  rooki 
of  thoroughly  basic  composition. 

Olivine- basalts  containing  porphyritie  quartz  have  been  described 
by  the  American  petrologists  from  Califoruia,  Arizona,  New  Mexioo, 
and  Colorado,  and  similar  cases  have  been  noticed  by  others  in 
places  as  widely  separated  as  Arran,  Madagascar,  and  the  KoreSi 
The  typical  manner  of  occurrence  of  the  quartz  is  in  small,  more  or 
less  rounded  grains,  coated  with  a  thin  layer  or  shell  of  a  greenish 
colour.  This  shell  is  ascribed  to  corrosion  of  the  quartz-grain  by 
the  molten  magma  in  which  it  was  enveloped  ;  it  consists  for  the 
most  part  of  minute  crystals  or  granules  of  augite,  sometimes  of 
hornblende  probably  pseudomorphous  after  augite.  Except  for  this 
shell,  the  quartz-grains  closely  resemble  the  corroded  porphyritio 
quartz  of  many  quartz- porphyries. 

There  is,  however,  another  group  of  basic  and  snb-basic  rocki 
which  enclose  porphyritie  quartz  much  more  commonly  than  the 
basalts  do,  viz.  the  peculiar  group  of  the  lamprophyres  (minettes, 
kersantites,  etc.).  The  little  grains  here  have  the  same  character  as 
in  the  preceding  case,  and  are  surrounded  by  a  similar  augite-shell. 
They  are  knowti  in  the  lamprophyre  dykes  of  the  Harz,  Spessart, 
Dresden,  and  other  places,  and  are  beautifully  exhibited  in  the  North 
of  England,  e,g,  in  the  dykes  which  cut  the  Lower  PalsBozoic  inlien 
of  Edenside  and  Teesdale. 

The  explanation  adopted  by  most  writers  is  that  the  enclosed 
grains  of  quartz  represent  fragments  mechanically  caught  up  by  the 
magma  in  its  passage  through  solid  rocks  during  the  process  of 
intrusion.  Such  foreign  fragments  are  undoubtedly  met  with  in 
these  as  in  other  intrusive  rocks,  but  to  suppose  that  more  than  a 
smnll  proportion  of  the  recorded  cases  is  to  be  explained  in  this  way 
raises  obvious  difficulties.  On  this  hypothesis  we  should  expect 
intrusive  rocks  other  than  lamprophyres  in  the  same  districts  to 
carry  as  frequently  similar  fragments ;  we  should  look  to  find  in  the 
neighbourhood  some  rook  from  which  the  grains  of  quartz  might  be 
derived  ;  and  we  should  expect  the  grains  to  occur  with  a  local 
distribution  in  the  dykes  which  enclose  them.  The  theory  fails  in 
these  respects,  and  a  closer  examination  of  the  grains  themselves 
proves  conclusively  that  they  are  original  constituents  of  the  rocks 
in  which  they  are  found.  In  the  first  place  they  never  have  the 
shape  of  fragments.  Whenever  the  corrosion  has  not  entirely 
obliterated  the  original  form,  the  outlines  of  the  hexagonal  pyramid 
are  clearly  discernible.  Nextly,  the  grains  are  never  composite,  but 
always  optically  uniform  throughout  their  extent.  Thirdly,  they 
contain  no  inclusions  except  rare  crystals  of  zircon,  apatite,  or  some 
other  mineral  of  early  separation,  and  glass-cavities,  presenting  thus 
a  marked  contrast  to  the  quartz  of  granite  or  gneiss  and  to  the  great 
bulk  of  the  grains  in  sandstones  and  grits.  To  these  points  of 
evidence,  collectively  very  strong,  others  might  be  added.     Thus,  in 


.  jL  Marker — Pcrpkyritie  Quart*  in  Igneous  Bocke.       487 

^e  lamprophyreB  of  the  North  of  England,  and  apparently  of  some 
other  diBtriote,  the  qaarts-grains  are  aooompanied  by  various  acid 
felapars.  These  never  have  the  form  of  fragments,  bat  of  perfect 
crystals  ronnded  by  corrosion,  and  they  are  to  be  matched,  not  in  any 
rocks  broken  through  by  the  dykes,  but  in  more  acid  rooks  contem* 
poraneons  and  cognate  with  the  lamprophyres. 

DiUer  and  Idditga.  clearly  recognising  in  the  case  of  the  American 
basalts  the  primary  nature  of  the  quartz,  have  supposed  that  this 
mineral  separated  out  at  an  early  stage  from  a  magma  having  the 
composition  of  the  rock  in  which  the  grains  occur.  Petrologists  in 
general  will,  I  think,  be  slow  to  admit  the  possibility  of  this.  The 
]ast*named  geologist^  has  pointed  out  that  crystallization  in  an 
igneous  magma  may  be  modified  by  many  conditions — the  presence 
of  water,  variations  of  temperature  and  pressure,  etc. — the  effects  of 
which  we  cannot  always  foresee ;  but  it  may  fairly  be  objected  that, 
if  all  these  factors  were  of  much  importance,  we  should  never  find 
two  specimens  of  igneous  rocks  alike.  The  exceptional  nature  of 
the  phenomenon  to  be  explained  seems  to  preclude  such  general 
considerations. 

A  quite  different  and  perhaps  more  plausible  explanation  of  the 
presence  of  quartz-grains  in  basic  rocks  is  suggested  by  an  hypothesis 
which  has  recently  attained  some  prominence  in  geological  specu- 
lation. I  refer  to  the  conception  of  a  large  body  of  molten  rook- 
material  becoming  separated  by  gravity  into  strata  of  different 
densities,  the  upper  and  lighter  layers  being  the  more  acid,  the 
lower  and  heavier  more  basic  in  composition.  Postulating  such  a 
divided  magma,  we  obtain  a  clue  to  the  cognate  origin  of  acid  and 
basic  rocks  in  many  areas  of  igneous  intrusion.  There  is  another 
consideration  essential  to  our  argument  It  seems  to  be  established 
that  crystals  of  quartz  and  felspar  are  not  only  denser  than  the 
magma  which  gives  birth  to  them,  but  also  denser  than  magmas 
of  much  more  basic  composition.  If,  then,  we  suppose  quartz  to 
crystallize  out  in  the  upper  acid  portion  of  a  stratified  magma-basin 
at  an  early  stage,  when  the  magma  is  still  quite  fluid,  we  see  that 
the  crystals  must  sink  into  the  lower  basic  layers  of  the  heterogeneous 
mass. 

Our  theory  is,  then,  that  the  quartz  was  crystallized  out,  not  in 
the  basic  rock  in  which  it  now  occurs,  but  in  a  magma  of  acid 
composition  which  once  overlay  the  basic ;  so  that  the  quartz-grains 
scattered  through  our  lamprophyre  dykes  had  precisely  the  same 
origin  as  the  quartz-crystals  in  the  accompanying  dykes  of  quartz- 
porphyry.  The  grains  indeed  differ  from  the  crystals  only  in  their 
more  advanced  stage  of  corrosion,  due  to  the  more  basic  nature  of 
the  enveloping  magma.  This  process  of  corrosion,  however,  need 
not  have  taken  place  in  the  original  magma-basin,  and  it  is  more 
probably  assigned  to  a  later  time,  when  the  great  pressure  was 
relieved,  and  the  rocks  were  injected  into  their  present  position. 

These  ideas,  suggested  by  a  study  of  our  north-country  rocks,  will 
probably  be  found  to  apply  to  the  lamprophyres  of  other  districtSi 
1  J.  B.  IddingB,  Amer.  Joom.  Sd.  (3)  vol.  zzx?L  p.  208  (1888). 
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and  may  throw  light  also  on  the  problem  of  the  origin  of  qnartz- 
beariug  basalts.  It  is  noteworthy  that  in  the  districts  where 
these  various  abnormal  qaartz-bearing  types  oocur,  the  association  of 
igneous  rocks  of  very  different  chemical  compositions  and  the  order 
of  their  succession  lead  us,  on  quite  independent  grounds,  to  the 
hypothesis  of  the  stratified  magma-hasin. 


III. — Note  on  the  Lithophtses  in  Obsidian  of  thb  Bocohi 

KossB,  Lipari.* 

By  H.  J.  JoHNOTON-LAVie,  M.D.,  M.R.C.S.,  F.G.8. 

]T  is  a  pretty  well  recognized  fact  that  Obsidian  is  a  hydrous  silicate 
of  indefinite  composition  and  your  fusion  experiments  confirm 
that  fact  Now  molten  obsidian  may  give  off  its  H,0  in  consequence 
of  two  processes — by  simple  vesiculation,  or  by  the  individualization 
from  the  gla8S  of  a  definite  anhydrous  silicate.  More  commonly 
these  two  processes  have  gone  on  together,  but  modified  by  the 
vicissitudes  of  temperature  that  the  molten  aquiferous  glass  is  exposed 
to  during  its  eruption. 

A  free  surface  is  alike  favourable  to  the  separation  of  a  gas  from 
solution,  and  to  the  starting  of  crystallization.  Crystallization  may 
start  from  a  vesicle  (as  I  could  show  you  at  this  present  moment  in 
a  specimen  of  ice)  or  vesicles  will  form  on  the  surface  of  crystals. 

A  spherulite,  however,  usually  starts  from  some  solid  particle,  as 
a  microlith  or  a  grain  of  dust  enclosed  in  the  glass,  and  proceeds  to 
grow  outwards  in  a  radiating  manner,  but  as  it  grows  it  liberates 
some  vapour  by  the  conversion  of  the  h^'drous  glass  to  an  anhydrous 
felspar ;  and  likewise  the  spherulite  acts,  when  the  pressure  is 
dimiuishing,  as  a  catalytic  or  free  surface,  and  simple  vesiculation 
takes  place. 

The  crystallization  vapour  will  collect  between  the  outer  ends  of 
the  fibres,  press  them  apart,  and  be  joined  by  its  ally  the  vesiculation 
vapour.  The  result  is  that  they  form  a  spherical  vapour  shell  around 
the  spherulite.  The  highly  viscous  glass  (as  proved  by  faulting  in  it) 
draws  with  it  the  outer  ends  of  the  radiating  needles  forming  the 
greater  part  of  the  spherulite,  with  the  exception  of  the  most  resist- 
ing part  or  parts  on  one  or  more  sides  which  carries  with  it  the 
central  remnants  of  the  spherulitic  concretion  as  shewn  in  yonr 
figure  3.  The  spherulite  may  have  broken  up  into  a  number  of 
cones  scattered  over  the  interior  of  the  vesicle- walls  where  they  are 
attached  by  their  bases.  At  the  same  time  the  sides  of  the  cones 
have  shrunk  by  the  crystallization  of  the  remaining  glass  between 
the  component  needles  and  the  escape  of  the  similarly  enclosed 
vapour  which  would  cause  contraction  in  a  lateral  direction,  so  that 

>  Prof.  G.  A.  T.  Cole  and  Mr.  G.  W.  Butler,  the  authors  of  a  recent  paper  "  On 
the  Lithophyses  in  the  Obsidian  of  the  Rocche  Roese,  Lipari*'  (Q.J.G.S.  Aufn^^ 
1892),  having  found  that  Dr.  Johnston-Lavis  had  been  led  to  an  interpretation  of 
the  facts  considered,  different  from  theirs,  and  hitherto  unpublished,  asked  him  to 
add  to  the  discussion  of  the  matter  a  brief  abstract  of  his  views.  In  accordance 
with  his  suggestion,  his  reply  is  here  published. — £niT.  Gbou  Mag, 
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tbe  oones  would  tend  to  become  more  acute.  Crystallization  at  tbe 
centre  of  tbe  spberulite  would  be  fairly  complete,  but  as  ^rowtb 
took  place  tbe  supersaturation  of  the  surrounding  glass  would  tend 
to  cause  mnob  of  sucb  glass  to  remain  between  tbe  fibres  unindi- 
Tidualized ;  tbe  outer  surface  fibres  would  again  jam  tight  on  account 
of  the  relief  of  solution-tension  by  vesiculation.  Thus  there  would 
be  more  interfibrillar  glass  in  tbe  middle  zone  and  more  contraction 
in  that  region  when  the  spberulite  breaks  up.  The  chief  cause, 
however,  of  the  concave  sides  to  many  of  the  cones  is  that  they  are 
sectionized  obliquely,  and  assume  the  concave-sided  look  through 
the  microscope  and  an  appreciable  thickness  of  the  section. 

After  vesiculation,  growth  continues  normal  to  the  vesicle  wall 
and  therefore  no  longer  parallel  with  the  fibres  of  tbe  conical  wedge, 
hence  the  mushroom  or  fan -like  appearance. 

Sometimes  this  wedge  or  cone  is  pushed  into  the  glass  by  the 
expanding  vapour  behind  it,  as  in  your  fig.  3. 

You  will  see  that  I  differ  from  you  in  holding  that  not  only  large 
part,  but  all  of  the  felspar  needles  have  developed  from  toithin 
outwards. 

Of  course  I  consider  that  tridimite,  fayalite,  magnetite,  haematite, 
are  true  sublimates.  If  spherulites  assume  large  size  they  become 
llthophysal  for  a  second,  third,  and  so  on,  spherical  shells  of  vapour 
form  around  the  new  shell  of  spherulitic  matter,  and  repeat  a  similar 
process  to  what  occurred  in  the  nucleus.  Your  figures  are  very 
good  and  cbaracteristic.     I  interpret  them  as  follows :  — 

Fig.  1.  —  Bapid  and  intense  vesiculation  around  very  small 
spherulites,  which  in  the  upper  cavity  have  grown  out  a  little, 
having  for  the  most  part  been  reduced  to  fine  dust  spread  over  the 
bubble  walls.  In  the  other  vesicles  the  expansion  and  cooling  was 
so  rapid  that  no  further  growth  could  take  place  from  the  minute 
cones  attached  to  the  walls. 

Fig.  2. — Well  shows  the  broken-up  cones  and  the  difference  in 
their  circumference  curve  and  that  of  the  enlarged  vesicle  and  the 
independent  direction  of  the  new  formed  fibres. 

Fig.  3. — Shows  one  cone  holding  remains  of  nucleus  of  spberulite. 
It  has  been  pushed  into  the  wall  of  the  vesicle  by  the  expansion  of 
the  vapours  on  the  opposite  side. 

Fig.  4. — Shows  the  union  of  one  vesicle  around  several  spherulites. 

These  phenomena  occur  only  where  expansion  can  take  place  from 
slight  pressure. 

The  difference  between  my  interpretation  and  yours  seems  to  lie 
essentially  in  this — that  your  paper  explains  the  universal  association, 
in  your  specimens  of  cavities  and  spherulitic  growths,  as  due  to 
great  part  at  any  rate  of  these  growths  in  the  Lipari  Obsidians 
having  been  initiated  by  the  formation  of  steam  vesicles ;  while  I 
hold  that  such  association  may  be  attributed — (1)  to  the  liberation 
of  steam  during  crystallization ;  and  (2)  to  the  fact  that  the  crystalline 
aggregates  (spherulites)  when  formed  would  afford  surfaces  favourable 
to  the  disengagement  of  gas  from  the  surrounding  glass. 

It  is  not  only  towards  the  surface  of  the  Bocche  Bosse  lava  stream 
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that  the  spberulitee  are  plentiful,  and  thig  I  oonaider  to  be  oppoieJ 
to  jotir  interpretation.  I  hope  soon  to  be  able  to  show  jou  tomt 
bnsio  aplieralites  of  another  character,  which  aleo  throw  light  on 
the  sabject. 

IV. — FinLTiNO  IS  Dbiit. 
B7  T.  Mii,uKi>  HiADi,  C.B.,  F.O.B.,  P.H.I.B.A. 

IN  the  GioLOGiriAL  Maoazini  of  last  year'  I  described  a  system 
of  Miniature  Faulting  obserred  by  me  in  a  fine  bed  of  banded 
Bilty  clay  at  Nevin,  Cnrnsrvonshire.  This  year  I  have  had  the  good 
fortune  to  observe  Faulting  in  Drift  on  a  muoh  lai^r  Boale  in  th« 
neighbourhood  of  St,  Bees,  Curaberiand,  which  is  highly  instmctiTs 
and  explanatory  of  several  features  of  Normal  Faulting  which  Lh« 
Other  illustration  did  not  touch. 

&ecti<ni  of  Faulted  Drift  in  Sea-cliff,  Cumberland. 


A.  A.  Bed  or  Laminated  Sahd  DiipucEri  A  ft  Bf  Tault  F. 
The  Faulted  Drift  in  question,  as  exhibited  in  the  sketch,  ii 
exposed  in  a  sea-cliff  section  South  of  Netliertown  Station.  It  cod> 
sinte  of  various  beds  of  gravels  and  sand,  some  of  the  latter  being 
well  laminated.  The  faulting  occurs  at  the  northern  end  of  the 
section.  It  consists  of  one  main  fault  (F)  at  right  angles  to  the 
fihore,  and  two  other  smaller  and  parallel  faults  (//)  stepped  down 
to  the  north  of  it.  In  consequence  of  the  sharp  abeariag  of  the 
beds,  I  was  enabled  to  measure  the  throw,  and  found  that  the 
laminated  sand  A  =  A  on  opposite  sides  of  the  fault  showed  a 
throw  of  five  feet.  The  hade  of  the  fault,  which  was  at  about  the 
angle  shown  on  the  sketch,  was  to  the  down-throw,  and  the  beds 
were  turned  up  against  the  fault  on  the  down-throw  side.  Not  only 
so,  but  the  gravel  on  the  plane  of  the  fault  (D)  was  turned  up  with 
the  long  axes  of  the  stones  parallel  to  the  hade.  The  distinotioa 
re  Illnitntion  of  Nonnal  Faulting,"  Gml.  Had.  Not.  ISSI,  p.  W- 
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'between  tbe  gravel  and  the  laminated  sand  where  they  abutted  oii 
each  other  on  the  fault-plane  was  as  sharp  as  if  the  beds  had  been 
out  with  a  knife.  In  the  case  of  the  bed  of  fine  gravel  (B),  the 
fault  showed  very  prominently  as  the  gravel  projected  some  inches 
from  the  face  of  the  cliff  in  a  band  about  three  inches  wide  (C)  in 
which  the  pebbles  were  arranged  with  their  long  axes  nearly  vertical 
and  parallel  to  the  fault-plane,  just  like  the  fault-rock  in  more 
coherent  material.  The  faulting  is  no  doubt  confined  to  the  drift, 
and  does  not  afiPeot  the  bed  rock,  which  is  Permian  sandstone. 

Its  cause  was  not  obvious,  and  it  was  raining  so  hard  at  the  time 
that  I  bad  no  opportunity  of  making  extended  observations.  The 
Drift  has  adjusted  itself  to  different  conditions  of  space  from  that  in 
which  it  was  laid  down  ;  but  the  chief  lesson  to  be  learned  is  the 
mode  in  which  this  adjustment  usually  takes  place,  t.e.,  by  shearing, 
even  where  the  material  is  of  so  incoherent  a  nature  as  gravel 
and  sand. 

y. — Qlaoial  Qboloot,  Old  and  Nxw. 

By  Pbbct  F.  Ebkdall,  F.G.S., 
Lecturer  on  Geology  at  Torkshire  C!ollege,  Leeds. 

THE  recent  contribution  of  Mr.  Reade  to  Glacial  Geology  (Geol. 
Mag.  July,  1892,  p.  310,  et  seq.)  is  a  challenge  which  I  take 
up  in  default  of  a  worthier  champion. 

The  origin  of  the  drift  deposits  of  Lancashire  is  not  a  question 
of  sand-grains.  Mr.  Reade's  observations  upon  those  objects  are  a 
useful  continuation  of  the  work  of  the  late  John  Arthur  Phillips, 
but  their  bearing  upon  the  rival  theories  is  admittedly  very  remote. 
If  the  sand-grains  are  of  directly  marine  origin  (which  is  by  no 
means  certain,  for  the  author  makes  no  mention  of  derivation  from 
the  New  Red  Sandstone)  they  are  just  what  one  would  expect  in 
association  with  sea  shells  on  either  hypothesis. 

Instead  of  the  discussion  of  such  rather  irrelevant  topics,  Mr. 
Reade  should  give  us  a  clear  exposition  of  his  views  regard- 
ing 1.  The  sequence  of  events  in  Britain  during  Glacial  times. 
2.  The  limits  of  the  submerged  areas.  3.  The  sources  of  the 
glaciers  which  gave  origin  to  the  icebergs  carrying  e.g,  the  Criffel 
granite  to  Moel  Tryfaen.  4.  Mode  of  origin  of  Boulder-clay, 
especially  of  the  intensely  hard  Till  utterly  devoid  of  stratification 
which  is  sometimes  met  with.  5.  The  mode  of  production  of  the 
striae  found  so  commonly  on  the  rock-surfaces.  6.  The  mode  of 
origin  of  the  "  ground-moraine "  which  he  has  described.  7.  The 
distribution  of  life  in  his  supposititious  glacial  sea.  One  or  two  of 
these  could  perhaps  be  conveniently  discussed  in  the  pages  of  the 
Gbolooioal  Magazine,  but  to  deal  with  the  whole  of  them  with 
a  detailed  disquisition  upon  Gloppa.  Moel  Tryfaen,  etc.,  would 
require  that  the  Editor,  whose  obliging  spirit  is  so  well  known, 
should  lease  his  journal  and  editorial  chair  to  the*  Glacialists  for  a 
couple  of  years,  and  allow  them  to  bring  out  as  many  double  numbers 
AS  they  pleased.  I  would  remind  Mr.  Reade  of  the  proverbial 
disproportion  between  the  time  required  respectively  for  questions 
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and  for  answers,  a  disproportion  intensified  when  the  queetioner 
possesses  the  ability  of  Mr.  Reade.  I  will  address  myself  to  two 
points,  and,  having  stated  the  facts  so  far  as  I  can  ascertain  them  by 
personal  observation  and  by  reading  all  the  literature  available  to 
me,  I  will  offer  a  few  words  by  way  of  contrasting  the  different 
theories  advanced  to  account  for  the  phenomena.  I  purpose  dealing, 
firstly,  with  the  distribation  of  erratics  in  Lancashire,  Cheshire,  and 
the  adjacent  counties,  and  secondly,  with  the  nature  and  distribntioa 
of  moUuscan  remains  found  in  the  Anglo- Welsh  Drift. 

I.  The  Distribution  of  Erratics. 

The  erratics  of  the  region  I  have  selected  are  divisible  into  two 
tolerably  well-defined  groups — 

a.  Stones  of  foreign  origin. 

b.  Stones  of  demonstrably  local  origin. 

The  former  category  includes  the  Granitic  Rocks,  Lavas,  and 
ashes  of  the  Western  side  of  the  Lake  District,  with  a  few  stragglers 
from  the  Eeistern  side,  such  as  the  odd  boulder  of  Shap  granite  found 
by  Mr.  Reade  on  Moel  Tryfaen,  and  the  sparse  trail  of  blocks  of  the 
same  rock  traced  by  Mackintosh,  Tiddeman,  De  Ranee,  and  others, 
from  the  angle  of  Morecambe  Bay  in  a  curved  line  round  via 
Longridge  to  Whalley.  It  also  includes  numerous  examples  of  the 
granites,  grits,  and  other  well-marked  types  of  rock  found  in  Gallo« 
way  and  the  neighbourhood  of  Griffel.  Some  half-dozen  pebbles 
have  also  l»een  recorded  by  Mr.  Lomas  of  the  remarkable  Eurite  of 
Ailsa  Craig.^  Flints  also  occur  co-extensive ly  with  the  other  foreign 
rocks,  and  it  has  been  assumed  that  they  are  necessarily  of  Irish 
origin,  but  from  the  fact  that  they  are  almost  invariably  of  small 
size  and  much  waterworn,  I  long  ago  inferred  that  they  were 
immediately  derived  from  some  bed  of  river-gravel  which  had  lain 
in  the  path  of  the  ice  which  brought  them  into  Lancashire.  Whether 
their  more  remote  origin  was  in  Antrim,  in  the  submarine  extension 
of  the  Antrim  Chalk,  or  in  some  other  submerged  outcrop  of  chalk, 
such  as  that  which  Mr.  Goodchild  supposes  to  exist  at  the  mouth  of 
the  Sol  way  Frith,  matters  not  at  all.  If  they  come  from  a  river- 
gravel  the  precise  spot  whence  they  were  derived  is  immaterial. 

With  this  enumeration  the  list  of  foreign  rocks  is  completed.  It 
is  true  that  Dr.  Hatch'  thinks  he  has  recognized  Dolerites  from 
Mull  I  but  he  gives  no  special  locality  in  Mull,  and  from  an  exten- 
sive experience  of  Mull  rocks  I  have  no  hesitation  in  saying  that  it 
is  utterly  futile  to  attempt  a  generic  diagnosis. 

Petrographers  should  remember  the  Anglesea  Picrite  and  beware 
of  confident  identification  of  basic  or  ultrabasic  Igneous  rocks. 

Near  the  mouth  of  the  Vale  of  Llangollen,  and  thence  south  east- 
ward, Welsh  rocks  make  their  appearance,  and  of  these  and  of  their 
peculiar  distribution  due  account  must  be  taken. 

This  mere  cataloguiug  gives  no  idea  of  the  grouping  of  the  boulders, 
a  subject  which  has  apparently  received  less  of  Mr.  Reade*s  attention 

1  Brit.  Assoc.  Report,  1892.     See  also  Proc.  Manch.  Lit.  &  Phil.  Soc.  Feb.  1891. 
*  Brit.  Assoc.  Report,  1890,  and  Morton's  Geol.  of  Liverpool,  2nd  edition. 


Tercy  F.  Kendall— Glacial  Geology.  493 

than  it  deserves.  The  careful  surveys  made  by  Messrs.  Lomas, 
DwerryhoQse,  Platt,^  Mackintosh,  and  others,  bring  out  very  clearly 
the  great  preponderance  of  Lake  District  rocks  on  the  eastern  side' 
of  the  area  and  of  Scottish  rocks  on  the  western  side. 

The  transport  of  local  stones  is  easy  of  definition  over  the  major 
part  of  the  area.  There  is  a  small  number  of  rocks  in  South 
Lancashire  and  Cheshire  whose  outcrops  are  so  restricted  that 
peculiarities  of  their  distribution  can  be  studied  with  great  facility. 
I  take  three  examples. 

1.  Thin  Permian  Limestones,  crowded  with  BaheveUia,  crop  out 
along  the  northern  edge  of  the  great  Permo-Triassic  basin  near 
Leigh  and  Patricroft,  Lancashire.  Boulders  of  the  rock  are  found 
at  Stiokins  Island,  on  the  Manchester  Ship  Canal.  Another  outcrop 
runs  through  Manchester-Salford,  and  boulders  appear  on  the  eastern 
side.  A  third  outcrop  has  been  discovered  in  the  neighbourhood  of 
Stockport,  and  again  to  the  eastward  boulders  of  the  rock  appear  in 
the  Drift  deposits.  I  personally  drew  the  attention  of  a  party  of 
the  Liverpool  Geological  Society  to  the  Manchester  Ship  Canal 
specimens,  and  one  and  all  declared  they  had  never  seen  such  a  rock 
in  the  Liverpool  district. 

2.  In  the  Upper  Coal-measures  of  the  Manchester  Coalfield, 
peculiar  limestones  crowded  with  Sptrorbis  occur.  The  outcrops 
are  very  restricted,  but  run  in  a  N.  and  S.  line,  down  to  about 
Heaton  Chapel,  near  Manchester.  Now,  not  only  have  we  (and 
Mr.  Reade  is  amongst  the  observers)  seen  in  a  long,  open  section 
streams  of  boulders  trailing  away  through  the  Boulder-clay  to  the 
eastward  from  each  outcrop,  but  sporadic  boulders  have  been  found 
at  Apethorne  Mill,  Hyde ;  at  Buckley's  Mill,  Woodley,  and  at 
Qlossop.  Not  one  scrap  has  been  found  to  the  northward  or  west- 
ward of  the  parent  mass. 

The  Millstone-grit  boulders  display  the  same  peculiarities.  In 
the  Liverpool  district  admirable  work  is  being  done  in  the  mapping 
of  Boulders,  and  in  the  report  on  Erratic  Blocks  presented  to  the 
Edinburgh  meeting  of  the  British  Association,  a  sei-ies  of  upwards 
of  400,  being  all  those  visible  along  several  miles  of  the  Mersey 
shore-line,  has  been  recorded  by  Messrs.  Lomas  and  Dwerryhouse, 
and  among  them  there  is  not  a  single  block  of  Millstone-grit.  A 
similar  list  for  the  Rochdale  area,  by  Mr.  Piatt,  shows  a  very  high 
percentage  of  boulders  of  that  rock.  In  my  own  experience  in 
south  Lancashire  and  Cheshire  I  have  met  with  but  two,  viz.,  one 
in  Manchester  (Denmark  Road),  and  one  at  Portwood,  Stockport. 

What  is  the  reason  for  this  very  partial  distribution  ?  The  "  anti- 
submerger  '*  would  point  to  the  fact  that  the  ice-movement  has  been 
from  the  N.W.,  and  that  whereas  to  the  N.W.  of  Hale  Head  there 
is  no  Millstone-grit  above  sea-level,  there  is  a  very  large  outcrop  of 
the  rock  to  the  N.W.  of  Rochdale. 

These  and  other  cognate  facts  were  in  my  mind  when  I  declared 
in  a  paper  quoted  by  Dr.  Crosskey,  in  the  18th  Report  of  the  British 
Association  Committee  on  Erratic  Blocks :  **  Boulders  in  this  district 

^  Brit,  Amoo.  Beport  on  Erratio  Blocks,  1890-92. 
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never  ocoar  either  to  the  N.  or  W.  of  the  parent  roek«  .  .  •  .  It  ifl, 
I  believe,  the  law  of  boulder-transport  for  south  lianoaahire  and 
<7heshire.'*  This  statement  has  never  been  traversed,  and  Mr.  Beade 
has  nothing  to  urge  against  it  except  his  vague  and  oontradiotory 
theory  of  the  transport  of  the  material  of  the  Drift  in  the  direction 
of  the  existing  drainage.  (By  the  way,  how  does  Mr.  Reade  aocoont 
for  the  Weaver  producing  the  Widnes  olays,  which  are  in  the  valley 
of  the  Mersey  several  miles  above  its  confluence  with  the  Weaver?) 

The  facts  given  above  may,  I  think,  be  best  explained  by  supposing 
that  a  great  lobe  of  ice  came  in  from  the  Irish  Sea,  pushed  over 
the  low  grounds  of  liancashire,  Cheshire,  and  Shropshire,  and  had 
its  final  melting  place  in  the  neighbourhood  of  Bridgenorth  and 
Wolverhampton,  where  an  amazing  profusion  of  northern  rooks — 
the  **  overnhot  load  "  of  Mackintosh — and  ^eat  piles  of  gravel  and 
•and  mark  its  termination.  Upon  its  left  flank,  in  the  upper 
part  of  its  course  it  was  confluent  with  ice  coming  from  the  Lake 
District,  and  along  the  line  of  composition  the  thin  trail  of  Shap 
Granite  before  alluded  to  is  scattered.  To  the  southward  of  Baoup 
it  followed  a  line  sub-parallel  with  the  Pennine  axis,  which,  however, 
it  never  crossed.  On  the  right  flank  it  rested  against  the  outer  line 
of  hills  of  the  great  Welsh  cluster,  Halkin  Mountain,  Hope  Mountain, 
Frondeg,  and  Gloppa. 

Within  the  area  thus  roughly  defined,  all  the  indications  point  to 
a  movement  in  the  direction  I  have  mentioned,  saving  only  the  few 
boulders  of  which  Mr.  Reade  speaks  as  indicating  a  movement  yrom, 
not  to,  the  S.E.  I  deal  with  them  later.  The  striad  exhibit  a  uniformity 
of  direction  surprising  even  to  the  advocates  of  the  ice-sheet  theory. 
In  agreement  with  them  is  the  orientation  of  large  boulders,  the 
direction  of  their  sharper  ends,  the  directions  of  Crag  and  Tail,  the 
"  forced  arrangement "  of  boulders,  the  transport  of  local  boulders, 
terminal  curvature,  and  even,  as  Mr.  De  Ranee,  and  later,  Mr.  Stratum, 
has  remarked,  the  false-bedding  of  the  Drift  sands  and  gravels. 

Mr.  Reade,  will  hardly  need  to  be  reminded  that  such  uniformity 
is  not  a  characteristic  of  transport  by  tidal  or  drift  currents,  sudi 
as  must  be  the  main  agents  in  the  propulsion  of  icebergs. 

Now,  to  consider  the  supposed  cases  of  reversal  of  the  direction 
of  transport: — If  we  eliminate  the  flints,  which,  in  the  complete 
absence  of  evidence  to  the  contrary,  I  can  as  well  say  came  from 
the  N.W.,  as  Mr.  Keade  can  assign  to  a  south-easterly  source,  there 
remain  some  eleven  exceptions  to  the  "  law,"  several  of  which  are 
not  in  the  area  at  all,  and  regarding  nearly  the  whole  of  which, 
without  any  special  pleading,  it  may  safely  be  said  that  they  are 
at  least  as  likely  to  conform  to  the  rule  as  not. 

Of  the  eleven  we  have  Lias  accounting  for  four,  viz. :  "  Lias  "  at 
Woollerton,  Shropshire,  '*  Lias  "  at  Gloppa,  "  Lias  Gryphites  "  near 
Ludlow,  and  broken  Liassic  fossils  near  Wolverhampton.  Now, 
besides  the  known,  though  imperfectly  mapped  patch  of  Lias  near 
Market  Drayton,  there  is  an  outcrop  in  the  north,  near  Carlisle,  and 
before  these  exceptions  can  be  accepted  as  valid,  it  must  be  shown 
that  neither  the  one  nor  the  other  could  have  yielded  them.     Of 
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the  Liassio  Qaalt  and  Chalk  fossila  recorded  from  Gloppa  Mr. 
NiobolBOQ  found  one  Liassio  fossil  himself,  while  the  remainder 
were  obtained  from  the  workmen. 

We  are  told  that  Mr.  Nicholson  ''has  no  reason  to  doubt  their 
genuineness."  I  fancy  there  are  very  few  geologists  who  will  share 
this  confidence  in  the  accuracy  of  the  British  navvy.  The  gangs 
are  recruited  from  all  parts  of  the  country,  they  have  a  great  aptitude 
for  turning  a  penny,  and  the  way  they  carry  specimens  from  one 
job  to  another  is  matter  of  notoriety ;  but,  by  way  of  illustration, 
I  will  mention  two  out  of  many  cases  within  my  own  experience. 
At  Moel  Tryfaen  I  was  offered  a  West  Indian  PyruLa^  and  several 
other  obviously  recent  shells,  by  a  workman,  who  protested  that  he 
had  found  them  in  the  famous  Drift  deposits  ;  and  in  the  cutting  of 
the  Levenshulme  railway,  when  I  asked  an  intelligent  ganger  if  he 
had  found  any  shells  in  'the  Boulder-clay,  he  produced  from  his 
pocket  two  well-preserved  specimens,  Fubus  bulbiformis  and  Turritella 
iuieifera  1  Need  I  say  that  I  should  want  better  evidence  before  I 
could  admit  the  occurrence  of  the  Gault  Inoceramus  coneeniricus  in 
the  Gloppa  gravels.  It  is  not  surprising  that  Mr.  Nicholson,  in  his 
maiden  effort,  of  which  he  has  such  good  cause  to  be  proud,  should 
manifest  a  willingness  to  accept  the  testimony  of  the  navvy,  but  in 
a  geologist  of  Mr.  Reade's  experience  such  credulity  is  wonderful. 
Let  me  ask  Mr.  Beade  how  he  would  get  Gault  fossils  (from  the 
condition  of  the  specimen  I  should  say  it  came  from  the  Cambridge 
Greensand)  round  and  up  to  Gloppa  by  the  agency  of  floating  ice  ? 
The  twists  and  doubles  would  need  to  be  of  a  very  complicated 
description,  and  when  they  were  all  performed  a  vertical  rise  of 
dose  upon  1000  feet  would  have  to  be  effected. 

The  "  exceptions  "  have  now  nearly  reached  the  irreducible  mini- 
mum by  this  process  of  elimination,  but  I  must  whittle  them  down 
a  little  farther.  The  coal  at  Corwen  found  by  Mr.  Mackintosh 
must  be  accepted  by  all  who  know  anything  of  the  work  of  that 
most  conscientious  and  painstaking  observer.  But,  though  I  un- 
reservedly accept  the  fact,  I  must  demur  to  the  inference  that  the 
coal  came  from  Kuabon.  Up  the  Vale  of  Llangollen,  though  I  have 
found  a  round  dozen  of  moraines  of  a  glacier  which  came  down  the 
Yale,  neither  I,  nor,  so  far  as  I  can  learn  from  his  writings,  Mr. 
Mackintosh  ever  found  the  slightest  trace  of  any  movement  or  of 
any  transport  up  the  Vale  from  Ruabon  in  the  direction  of  Corwen. 
I  am  writing  away  from  my  books  and  papers,  and  therefore  do 
not  speak  positively  upon  the  point,  but  I  have  some  recollection 
of  seeing  plant-remains  in  the  state  of  coal  which  were  found  by 
Dr.  Hicks  in  the  slates  at  Corwen.  If  this  be  the  case  it  would  suggest 
a  much  more  probable  origin  for  the  coaly  fragments  than  Ruabon. 

The  occurrence  of  Waldheimia  obovata  at  Wellington  is  avouched 
by  Dr.  Callaway,  and  therefore  is  inexpugnable ;  by  the  ice-sheet 
theory,  however,  there  is  still  an  explanation  without  calling  in 
the  aid  of  a  capping  of  Oolite  in  the  Liassio  basin  of  Market  Drayton. 
The  central  cross  valley  of  England  through  which  the  Trent  runs 
was  the  site,  according  to  Lewis,  of  a  large  extra-morainic  lake. 
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produced  by  the  obstruction  by  glacier-ioe  of  the  lower  part  of  tbe 
Trent  valley ;  another  such  obstruction,  it  appears  probable,  headed 
back  the  lower  reaches  of  the  Severn  (upon  this  point  I  have 
formed  no  definite  opinion),  and  the  area  of  this  lake  was  everywhere 
characterized  in  Lewis's  words  by  a '' commingling  of  the  drift;** 
hence  the  Charnwood  rocks  at  Nottingham,  the  Oolitic  rocks  at 
Shiffnal,  the  flints  at  Hanbury  Woodend,  and,  perhaps,  by  the  over- 
flow of  such  a  lake,  the  Waldheimia  at  Wellington.  (I  might  add, 
too,  for  Mr.  Reade's  ctssistance  in  studying  the  problems,  the  Bed 
Chalk  recorded  by  Mr.  Lucy  in  his  paper  on  the  "  Gravels  of  the 
Severn,  Avon,  and  Evenlode,"  and  by  Buckland  in  an  earlier  paper.) 
There  remains  now  one  errant  erratic  to  be  noticed,  viz.  the  pre- 
Cambrian  rocks  of  the  Wrekin,  found  by  Mr.  Reade  "  immediately 
to  the  north  of  the  Wrekin."  Mr.  Reade  should  here  be  a  little 
more  explicit  regarding  his  solitary  piece  of  good  evidence.  What 
pre-Cambrian  rock  is  it?  In  what  sense  does  he  use  the  word 
"  immediately  "  ?  If  the  rock  be  a  volcanic  (Uriconian)  one,  then  I 
would  point  out  that  the  pre-Cambrian  lavas  extend  some  distance 
to  the  northward  of  the  Wrekin ;  on  the  other  hand,  the  granitoid 
rocks  (Malvernian)  do  not  occur  in  the  Wrekin  at  all.  When  Mr. 
Beade  answers  these  questions  it  will  be  time  enough  to  decide 
whether  of  the  eleven  oases  of  abnormal  transport  there  is,  or  is  not, 
just  one  which  is  inexplicable  on  the  ice-sheet  hypothesis. 

If  this  solitary  exception  will  really  stand  criticism,  I  still  think 
that  until  it  is  reinforced  by  a  good  many  other  examples  in  other 
parts  of  the  north-weet  it  can  hardly  justify  us  in  postulating  the 
submergence  of  about  half  the  land  area  of  the  British  Isles.  I 
would  far  rather  call  in  the  aid  of  melting  snows  upon  the  steep 
flanks  of  Ercal  itself  than  take  so  great  a  liberty  with  physicid 
geography  to  effect  so  small  a  result. 

Can  Mr.  Reade  not  recall  from  his  twenty  years*  experience  of  the 
Drift  round  Liverpool  (my  Drift  experience  is  barely  five  years  old) 
a  few,  nay  even  one,  good  and  authentic  illustration  of  a  S.  to  N. 
transport  of  a  boulder?  Has  he  never  found  so  much  as  one 
unmistakable  erratic,  say,  for  example,  the  Peumaenmaur  Diorite, 
or  the  granitic  rock  of  Yr  Eifl  ? 

I  now  come  to  the  consideration  of  the  second  class  of  evidence,  viz. : 

II.  The  Nature  and  Distribution  of  the  Molluscan  Bemaina  found  in 

the  Anglo-  Welsh  Drift, 

I  have  carefully  investigated  every  recorded  occurrence  of  marine 
shells  in  the  Drift  deposits  of  South  Britain,  and  I  find  not  a  single 
exception  to  the  rule  that  they  lie  directly  in  the  course  of  ice 
which,  by  all  the  physical  indications  such  as  strisB,  transport  of 
boulders,  and  the  like,  can  be  shown  to  have  come  in  upon  the  land 
from  seaward. 

It  follows  from  this  that  all  shelly  drift  should  contain  what  may 
be  called  "transmarine"  erratics.  Two  cases  were  recorded  where 
there  was  a  default  of  evidence  on  this  point  or  an  explicit  declara- 
tion of  their  absence.     In  the  first  case  (Gloppa)  foreign  stones  had 
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bnt  to  be  looked  for  to  be  foand  in  profusion,  and  in  the  second  case 
(Whalley),*  where  ''obscure  shell  fragments"  were  recorded,  a  very 
short  search  sufficed  to  find  foreign  stones  in  the  very  same  pit,  and 
boulders,  large  and  small,  of  Scottish  and  Cumbrian  rocks  were  in 
evidence  in  many  places  in  the  neighbourhood.  It  is  an  exceptional 
thing  to  find  any  considerable  deposit  of  Drift  in  the  course  of  the 
great  Irish  Sea  glacier,  which  is  destitute  of  shells  or  shell  fragments. 

These  are  the  positive  fiacts  of  distribution.  Now  I  would 
dwell  a  little  on  the  negative  evidence.  I  am  duly  mindful  of 
the  treacherous  nature  of  negative  evidence,  but  when  able  and 
industrious  observers  in  all  parts  of  the  country  have  been  assiduously 
searching  for  half  a  century  or  more,  and  have  not  brought  forward 
one  contradictory  fact,  I  shall  scarcely  be  accused  of  rashness  if  I 
lay  some  stress  upon  this  failure. 

If  our  country  had  been  submerged  to  a  depth  of  1350  feet,  it  is 
surely  not  too  much  to  ask  why  there  are  no  shell-beds  in  the 
secluded  mountain  valleys  in  the  great  hill-clusters. 

llie  fewness  of  the  exposures,  a  reason  assigned  by  Mr.  Beade, 
cannot  be  taken  as  a  very  satisfactory  explanati(m.  If  there  are  not 
so  many  gravel-pits  or  brickfields  there  are  more  mines  and  quarries, 
and  the  streams  cut  deeper  and  show  cleaner  sections ;  but,  after  all, 
it  is  not  solely  a  question  of  shells,  there  should  be  beaches  and 
clififs,  but  where  are  they  ? 

When  we  consider,  again,  the  condition  of  the  shells  what  do  we 
find  ?  The  shells  are  comminuted  and  pounded  in  such  a  fashion 
that  one  may  work  for  hours  even  in  some  of  the  most  prolific  beds 
and  not  find  a  perfect  shell  of  any  sort,  and,  astounding  fact,  in  the 
20,000  square  miles  or  so  of  recently  elevated  sea- bottom  in  Lanca- 
shire, Cheshire,  and  the  Drift-covered  areas  to  the  south,  a  bivalve 
with  the  valves  in  apposition  has  never  been  found,  unless  we  admit 
as  exceptions  Mr.  Nicholson's  Gault  Inoceramua  and  the  Saxicava 
found  in  a  bored  boulder. 

It  might,  too,  be  pointed  out  that  we  have  no  record  of  a  single 
stone  or  shell  being  found  encrusted  with  barnacles,  and  of  the  ttco 
bored  stones  recorded  from  the  Boulder-clay  of  the  area  in  question 
one  was  distinctly  glaciated,*  and  the  other,  which  formed  the  subject 
of  a  paper  by  Mr.  Shone,  had  the  crypts  filled,  not  with  the  sur- 
rounding Boulder-clay,  but  with  a  fine  sand  very  rich  in  microzoa, 
which  is  without  its  like  amongst  the  Drift  deposits  of  the  district. 
Mr.  Shone  was  led  by  this  fortunate  find  to  investigate  the  contents 
of  univalves,  and  discovered  that  many  of  those  found  in  the  Boulder- 
clay  contained  a  similar  rich  sand.  He  offered  an  explanation,  which 
however  ingenious,  still  fails  to  account  for  the  total  absence  of  any 
similar  deposit  on  a  larger  scale.  Scratched  shell  fragments  are 
fairly  common,  and  it  is  worthy  of  note  that  sub-perfect  univalves 
are  much  more  common  than  bivalves  in  equally  good  condition. 
The  relative  perfection  of  shells  at  high-  and  at  low-levels  respec- 
tively has  been  stated  in  the  following  very  misleading  terms  (Geol. 

>  See  Geol.  Surv.  Memoir  of  the  country  round  Burnley. 
»  "Nature,'' vol.  xl.  p.  246. 
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Mag.  July,  1892,  p.  812) :  '<  More  perfect  shells  have  been  found  at 
these  high  levels,  especially  at  Gloppa,  by  Mr.  Nicholson,  F.G.S., 
than  are  generally  met  with  in  the  Drift  of  the  plains." 

The  plain  English  of  this  is  "  at  certain  selected  localities  at  higb- 
levels  the  shells  are  better  preserved  than  in  the  average  of  low- 
level  deposits."  As  a  matter  of  fact,  the  low-level  deposits  include 
Leyland,  which  has  yielded  the  largest  list  of  shells  ever  compiled 
from  an  English  or  Welsh  Drift-bed,  and  in  point  of  mere  numbers, 
I  would  undertake  to  collect  more  shells  in  an  hour  at  Shellag  Point, 
Isle  of  Man,  than  Mr.  Keade  could  in  a  day  at  Gloppa,  or  a  month 
at  Moel  Tryfaen.  But  as  a  matter  of  fact,  there  is,  in  the  N.W.  of 
England,  no  such  thing  as  a  glacial  shell-6ed.  Anyone  coming  fresh 
from  the  old  sea-beaches  and  sea-bottoms  of  East  Anglia  would,  I 
doubt  not,  regard  with  astonishment  the  contents  of  these  so-called 
marine  deposits. 

1  turn  now  to  the  consideration  of  the  nature  of  the  fauna,  and 
any  remarks  of  a  general  nature  which  I  may  make  must  be  taken 
to  apply  solely  to  the  country  to  the  westward  of  the  Pennine  Chain. 

The  shells  throughout  the  whole  area  are,  I  consider,  such  as 
could  not  have  existed  in  British  Seas  during  the  Glacial  period. 
Mr.  Keade,  many  years  ago,  remarked  that  the  post- Glacial  beds  of 
the  Clyde  contained  a  fauna  much  more  indicative  of  severe  con- 
ditions than  that  contained  in  the  Diift  of  the  North-west  of  England. 
The  fauna  is  not  only  an  inconsistent  one  in  respect  of  the  mixture 
of  shells  of  diverse  habitat,  warm- water  and  cold-water  forms,  sand 
and  rock-haunting  species  with  mud-loving  forms,  but,  as  Forbes 
pointed  out  46  years  ago,  there  is  an  utter  absence  of  deep-water 
fauna.  He  says^  "That  in  no  case,  so  far  as  I  have  examined,  the 
upheaved  strata  were  formed  under  conditions  of  considerable  depth, 
such  as  my  region  of  deep-sea  corals  [50  fathoms  to  beyond  100] 
now  presents,  is  rendered  almost  certain  by  the  total  absence  of  the 
remains  of  the  characteristic  inhabitants  of  that  region."  Again, 
''So  far  as  I  have  seen,  there  is  no  British  case  of  an  upheaved 
stratum  containing  organic  remains  evidently  untransported  which 
may  not  have  been  formed  at  a  less  depth  than  25  fathoms  .  .  .  • 
and  it  is  probable  that  between  10  and  15  fathoms  would  more 
frequently  approach  the  truth." 

Mr.  Keade  has  repeatedly  commented  upon  the  general  similarity 
of  the  faunas,  and  on  p.  312  of  the  paper  I  am  criticizing,  he  says— 
"These  sands  and  gravels  [i.e.  at  1000-1400  feet  above  the  sea- 
level]  contain  shells  of  mollusca,  speaking  generally,  of  a  similar 
fades  to  those  fragments  found  in  the  low-level  Boulder-clay  and 
sands."  (The  "fragments"  is  refreshing.)  Now  has  Mr.  Keade 
ever  considered  that  with  a  submergence  of  1400  feet  there  would 
have  been  a  depth  of  two  hundred  and  thirty-three  fathoms  over  the 
low  grounds  of  Lancashire,  and  will  he  be  bold  enough  to  say  that 
Turritella  terebra,  Purpura  lapillus^  Tellina  baithica,  and  Cardium 
edulcy  form  the  natural  assemblage  of  shells  which  one  should  find 
on  a  muddy  bottom  in  200  fathoms  of  water  .^ 

^  Mem.  Geol.  Survey,  toI.  i.  p.  376» 
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The  attempt  to  explain  away  the  oocnrrence  of  southern  forms  by 
snch  remarks  as  that  Cytherea  ehione  is  the  only  one  of  "  anything 
approaching  a  wide  distribation/'  is  in  the  first  plaoe  hardly  correct, 
as  Area  laelea  has  been  repeatedly  found ;  but,  if  it  were,  it  is  a  very 
damaging  admission.  Cytherea  ehione  is  most  distinctly  a  southern 
shell,  and  though  it  occurs  in  Carnarvon  Bay  I  have  heard  of  but 
two  examples  being  found,  viz. :  one  dredged  by  Mr.  MacAndrew, 
many  years  ago,  and  the  other,  by  myself,  in  a  very  **  dead  "  con- 
dition. The  statement  that  "some  Tertiary  shells  are  now  only 
boreal  in  their  habitat,  notably  Tellina  ealearea^^  and  the  footnote 
quotation  from  Jeffreys,  "Occurs  in  every  Tertiary  bed  up  to  the 
Red  Crag,"  reveals  one  of  the  dangers  to  which  the  geologists  of 
the  north-west  are  peculiarly  liable.  They  are  out  of  reach  of  any 
Tertiary  beds  except  the  Pleistocene,  and  hence  are  compelled  to 
take  some  of  their  geology,  when  it  relates  to  Tertiaries,  as  well  as 
their  conohology,  from  Jeffreys. 

The  only  way  in  which  Jeffreys'  assertion  could  be  made  to 
square  with  the  facts  is  to  turn  the  geological  succession  upside 
down;  then,  and  then  only,  could  one  say  that  Tellina  calcarea 
occurs  in  every  Tertiary  bed  up  to  the  Red  Crag. 

I  say,  without  fear  of  contradiction,  that  it  does  not  occur  below 
the  Red  Crag,  and  that  even  its  occurrence  in  that  deposit  is  very 
questionable.  For  my  own  part  I  do  not  admit  the  identity  of 
T,  calcarea  and  the  Red  Crag  T,  pretenuis.  Furthermore,  I  assert, 
and  challenge  refutation,  that  a  large  portion  of  the  Tertiary  Period, 
to  wit,  the  latter  part  of  the  Red  Crag  and  subsequent  Tertiary 
times,  including  the  Chillesford  and  Forest  Bed  epochs,  were 
characterized  by  a  climate  distinctly  "colder  than  the  present.'* 
Mr.  Reade  holds  a  contrary  view,  but  I  am  satisfied  that  he  is 
singular  in  his  opinion. 

It  remains  now  for  me  to  notice  the  most  remarkable  of  all  the 
shells  of  the  Drift,  viz.,  the  extinct  species.  These  have  not  received 
the  attention  they  deserve,  as  the  temptation  is  so  great  to  "  locate  " 
a  species  as  nearly  as  one  can,  instead  of  laboriously  hunting  oat 
its  precise  affinities.  Strange  to  say,  Edward  Forbes  in  this  way 
overlooked  the  most  remarkable  shell  in  the  Manx  drift,  viz.,  Nas»a 
reticoea.  Sow.  {=zN.  eerrata,  Broc.),  which  he  identified  as  *^  Buccinum 
undatum  var.,  resembling  Naasa  reticosa,'*  This  shell  is  extremely 
abundant  in  the  Red  Crag,  and  less  so  in  the  Coralline,  but,  in  East 
Anglia,  it  does  not  appear  to  have  survived  the  close  of  the  Red 
Crag  period. 

In  the  Manx  Drift  it  is  very  abundant,  and  is  associated  with 
Columhella  sulcata,  and  Nassa  monensis.  Red  Crag  species,  and 
Fu8U$  Forhesii,  a  large  and  handsome  species,  which  is  not  known 
elsewhere  either  recent  or  fossil.  A  Aft^ra  also  occurs,  which  is 
either  extinct  or  a  southern  species.  In  the  Wexford  Drift  N.  reticoea 
is  found,  together  with  Melampus  pyramidaHs  (otherwise  confined 
to  the  Pliocenes  of  East  Anglia  and  Cornwall),  a  Mitra,  and  Turri- 
tella  triplicata,  Broc.  (=r.  incrassata,  Sow.),  a  species  very  abundant 
in  British  seas  in  the  early  part  of  the  Pliocene  period,  but  now 
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baDisbed  to  the  Mediterranean.    Other  shells  of  equal  interest  could 
be  added,  but  space  forbids. 

How  shall  we  interpret  these  facts?  Are  they  best  explained  by 
supposing  the  shells  to  have  inhabited  a  sea  which  bad,  albeit  over 
200  fathoms  deep,  no  deep-water  fauna  at  all,  which  nowhere  left 
a  shell -bank  or  even  a  group  of  shells  on  the  spot  where  they  lived 
(on  this  point  Gwyn  Jeffreys  and  Mr.  R.  D.  Darbishire  spoke  very 
explicitly),  which  mingled  shells  of  the  most  diverse  habitat  and 
left  shells  at  present  confined  to  shallow  water  and  a  sandy  bottom 
in  the  muds  of  its  profoundest  depths,  a  sea  which  pertinaciously 
avoided  the  deep  gulfs  between  the  tiny  islets  that  studded  \\a 
surface,  and  that  finally  retired  without  leaving  beach,  shore- 
platform,  or  so  much  as  a  cliff  or  sea-worn  cave  behind  to  mark 
its  former  extension. 

Or,  do  not  the  facts  harmonize  better  with  the  view,  so  strongly 
supported  by  the  physical  indications,  that  the  ice-sheet,  whose 
extension  over  the  district  and  in  the  direction  I  postulate  is 
admitted  by  Mr.  Reade,*  having  advanced  over  the  Irish  Sea,  bore 
along  involved  in  its  mass  or  in  its  ground-moraine  portions  of  the 
vast  banks  of  shells  with  which  that,  then  as  now,  ahalloto  sea  was 
cumbered,  and  mixed  up  the  mangleii  remains,  not  only  of  the  but- 
recently -vacated  boreal  forms,  but  also  of  the  warm- water  species 
which  lived  in  the  preceding  Pliocene  Period. 

In  conclusion  I  would  remark  that  it  is  before  all  things  necessary, 
in  the  discussion  of  the  question  of  the  condition  of  Britain  during 
the  Glacial  Period,  to  take  a  pretty  wide  survey  of  the  country,  and 
to  try  and  bring  all  the  facts  into  a  single  coup  (TceiL  The  former 
Mr.  Keade  has  certainly  done,  as  witness  his  papers  on  the  Drift  of 
Cromer  and  Yorkshire ;  but  the  latter  I  fear  he  has  not  attempted, 
else  we  should  hear  less  of  the  significance  of  the  fact  that  Three 
Rock  Mountain,  Moel  Tryfaen,  Gloppa,  and  Macclesfield  are  at 
about  the  same  altitude  and  on  the  same  parallel  of  latitude.  Let 
Mr.  Reade  look  20  or  «30  miles  E.  and  W.  of  his  terminals  and  see 
in  what  way  his  great  submergence  declined. 

I  have  touched  but  upon  the  fringe  of  a  great  subject,  and  must 
leave  the  publication  of  a  more  general  statement  of  my  views  till 
the  autumn,  when  Prof.  G.  F.  Wright's  new  volume  in  the  Inter- 
national Scientific  Series,  to  which  I  have  contributed  a  chapter, 
will  be  out.  In  the  meantime  Mr.  Reade  will,  I  hope,  deal  with 
some  of  the  topics  which  I  suggested  at  the  outset. 


VI. — Sblknology. 
By  S.  E.  Peal,  Esq. 

AS  one  who  has  for  many  years  made  a  special  study  of  the  lunar 
surface,  and  who  is  thoroughly  convinced  that  the  geologist 
alone  can  now  extricate  selenology  from  the  slough  in  which  it 
has  hopelessly  stuck  fast,  I  venture  very  briefly  to  lay  the  case 
before  your  readers,  in  the  hope  that  some  one  will  come  forward 
and  help  us. 

*  See  his  papers  in  the  Q.J.G.S.,  and  "  Nature,"  vol.  xl.  p.  247. 
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As  regards  its  distance,  motions,  and  topography,  or  mapping  of 
the  surface  details,  our  knowledge  of  the  moon  is  well  to  the  fore, 
every  little  mound  and  fault  being  carefully  recorded  ;  but  what 
the  surface,  so  clearly  seen,  is  composed  of — whether  of  volcanic  or 
stratified  rocks,  or  otherwise — no  one  can  say. 

The  structure  and  material  of  the  surface  is  in  fact  a  most  hopeless 
enigma,  and  this  is  all  the  more  extraordinary  when  we  recollect 
that  of  all  the  heavenly  host,  our  moon  is  the  nearest  body,  and  that 
most  frequently  and  easily  seen,  being  totally  unobscured  by  atmos- 
phere or  clouds,  and  easily  observed  with  small  telescopes  and  low 
powers. 

To  some  extent  this  want  of  progress  in  selenology  is  due  to  the 
old  idea  that  the  surface  is  now  covered  from  pole  to  pole  with  the 
remains  of  lava-lakes  and  stupendous  volcanic  explosions,  a  vas^t 
cinder  heap  in  fact,  and  is  also  partly  due  to  the  researches  of  Lord 
Kosse,  which  (erroneously  as  we  now  know)  were  held  to  demon- 
strate a  maximum  temperature  of  -f  300^  C.  aft«r  14  days'  sunshine. 

But  our  want  of  progress  is  also  undoubtedly  due  in  part  to  the 
general  belief  among  astronomers,  that  a  planet  like  our  moon 
could  actually  pass  from  the  semi -incandescent  and  lava-crusted 
stage,  with  huge  vaporous  envelope,  direct  to  the  cold,  airless  and 
waterless  stage,  without  an  era  of  erosion  intervening. 

Could  retain,  that  is,  its  primeval  volcanic  surfacing  throughout 
the  long  era  succeeding,  while  the  temperature  slowly  declined, 
and  without  the  intervention  of  an  era  of  erosion  and  deposition  of 
sedimentary  rocks,  as  on  our  Earth. 

Judging  by  our  own  vast  series  of  stratified  rocks,  we  are  led  to 
conclude  that  an  exceedingly  long  temperate  *era  of  erosion  *  must, 
in  the  very  nature  of  things,  supervene  on  the  heated  lava-lake 
stage,  in  all  planetary  development. 

It  is  over  this  part  of  the  question  that  I  invoke  the  aid  of  your 
readers,  f.«.  to  say,  as  geologists,  whether  they  believe  that  a  planet, 
such  as  our  moon,  could  retain  from  the  igneous-molten  era,  to  its 
present  intensely  cold,  airless  and  waterless  condition,  its  pristine 
surfacing,  the  very  poles  themselves  being  covered  (it  is  urged) 
with  large  and  small  volcanoes,  untouched  by  the  hand  of  time. 

The  experts  who  have  specially  studied  the  question,  agree  that 
the  maximum  surface  temperature  under  14  days'  solar  heat,  is  at  or 
about  zero,  C. ;  and  the  minimum  during  the  lunar  night  falls  to  about 
—  200°  C. ;  the  mean  being  so  low  that  solar  heat  raises  no  trace  of 
vapour,  about  the  equator,  at  the  limb. 

Thus  the  surface  temperature  of  the  moon  must  have  fallen 
enormously,  and  taken  millions  of  years  to  do  so. 

To  aid  your  geological  readers  who  may  not  be  aware  of  the 
peculiarities  of  the  case  I  would  point  out  that — 

1.  The  moon  (unlike  Mars)  has  no  polar  caps. 

2.  There  is  an  absence  of  all  distinct  colour  in  masses  or  in  detail. 
Over  the  entire  surface  we  find  warm  greys  and  neutral  tints 
prevailing. 

3.  There  is  a  general  and  conspiouous  absence  of  all  evidence  of 
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drainage,  and  river  valleys.  The  enrfaoe  of  the  planet  is  literaDy 
covered  with  unearthly  circular  formations,  from  10  to  100  or  evoi 
150  miles  in  diameter,  enclosing  level  plains  sunk  from  1000  to 
10,000  feet  beneath  the  outer  surface,  and  bordered  by  vast  rampartB, 
having  about  the  same  cubic  measurement  as  that  of  the  excavatioD. 

4.  The  mountains,  peaks,  and  cliffs  are  white,  and  whitest  where 
they  are  Mteepest,  The  darker  parts  of  the  surface  are  levels,  as 
th4>iigh  due  to  accumulation  of  meteoric  dust  thereon. 

5.  There  is  an  entire  absence  of  raised  level  floors  like  those  in 
terrestrial  volcanoes,  and  there  is  no  perceptible  difference  whatever 
between  the  polar  and  equatorial  surfacing ;  if  the  large  and  small 
circular  formations  about  the  equator  have  been  volcanoes,  then 
have  the  lunar  poles  been  finally  surfaced  in  the  same  way. 

Lastly,  if,  as  is  now  generally  admitted,  the  moon  formerly 
rotated  more  rapidly  on  her  axis,  and  has  been  slowed  down  by 
tidal  friction,  this  would  imply  a  temperate  era,  the  existence  of 
water,  and  of  erosive  action,  which  would  have  effectually  scoured 
off  all  the  so-called  "volcanic"  details  now  visible  everywhere. 

So  far  our  moon,  though  so  admirably  suited  in  some  ways  for 
study  by  geologists,  seems  to  have  received  rather  soant  attention. 
Professor  Judd,  in  his  most  instructive  work  on  Volcanoes,  p,  306, 
says  ''the  moon  appears  to  be  destitute  of  both  atmosphere  and 
water.  Under  these  circumstances  we  find  its  surface,  as  we  might 
expect,  to  be  composed  of  rocks  which  appear  to  be  entirely  of 
igneous  origin ;  the  mountain-masses,  unworn  by  rain  or  frost,  river 
or  glacier,  being  of  most  prodigious  dimensions  as  compared  with 
thope  of  our  own  globe,  while  no  feature  at  all  resembling  valleys,  or 
plains,  or  alluvial  flats  are  anywhere  to  be  discerned  upon  the  lunar 
surface." 

Tlie  whole  of  Prof.  Judd's  work,  however,  is  such  a  clear  and 
beautiful  demonstration,  that  without  water  there  can  be  no  volcano, 
that  I  feel  sure  he  will  excuse  my  pointing  out  the  above  diflSculty. 

With  your  permission  I  would  like  to  say  that  if  any  reader 
desires  to  study  my  **  Theory  of  Lunar  Surfacing  by  Glaciation,"  it 
is  to  be  had  at  Messrs.  Thacker  &  Co.'s,  87,  Newgate  Street.  I 
earnestly  hope  that  some  of  your  geological  experts  will  take  this 
matter  in  hand  ;  it  will  certainly  repay  them,  and  perhaps  enable 
selenology  to  make  some  advance,  after  prolonged  stagnation. 
SiBSAOAR,  Assam,  1 1th  June,  1892. 

VII. — The  Mammoth  and  the  Glacial  Drift.     A  Beply  to  Mb. 

A.  J.  Jukes-Browme. 

By  Sir  Henrt  H.  Howorth,  K.C.S.I.,  M.P.,  F.G.S.,  etc. 

IN  a  letter  in  the  last  Number  of  the  Geological  Maoazint, 
Mr.  Jukes-Browne  takes  me  to  task,  with  some  asperity  of 
language,  for  my  views  on  the  true  horizon  of  the  Mammoth, 
You  will,  I  am  sure,  allow  me  to  reply  to  him.  He  speaks  of  my 
'*  looking  down  from  some  literary  height  upon  practical  geologists 
in  the  plain,"  and  goes  on  to  say  that  I  have  "no  practical 
experience  as  a  geologist,  and  bids  me  study  the  facts  in  the  field." 
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This  is  certainly  a  sublime  height  from  which  I  never  addressed 
anybody.  The  language  compels  me  to  say,  much  to  my  distaste, 
that  for  many  years  past  I  have  spent  my  holidays  in  trying  to 
explore  the  so-called  Glacial  beds  in  Scotland,  Eastern  and  Western 
England,  Holland,  North  Germany,  Denmark,  the  Scandinavian 
Peninsula,  Finland,  and  Switzerland.  It  is  possible,  but  it  is  not 
probable,  that  Mr.  Jukes-Browne  has  studied  them  in  the  field  in 
as  many  aspects  and  for  as  many  years  as  I  have. 

Two  lessons,  inter  alia,  this  examination  has  taught  me,  namely, 
the  extreme  difficulty  of  disentangling  the  history  of  these  beds,  and 
the  impossibility  of  any  individual  explorer  doing  so  unless,  and 
until,  he  has  mastered  not  only  the  facts  in  the  field,  which  are 
comparatively  easy  to  collect,  but  the  vast  and  intricate  literature 
dealing  with  the  sabject  I  am  not  alone  in  this  view.  It  is  now 
some  years  since  I  paid  my  first  visit  to  the  Cromer  Cliffs  with  two 
distinguished  geological  friends  who  knew  them  well.  When  we 
had  finished  our  examination,  and  had  concluded,  as  many  others 
have  concluded  before,  that  the  riddles  they  enshrine  are  not  solved 
by  any  current  theory  about  them,  one  of  my  friends,  a  geological 
surveyor,  went  on  to  say  that  what  we  needed  far  more  than  a 
continual  accession  of  disintegrated  facts,  where  facts  are  so  abundant, 
was  a  sifting  of  the  enormous  literature  relating  to  the  so-called 
Glacial  beds,  so  that  we  might  marshal  the  testimony  of  the 
hundreds  of  observers  and  get  rid  of  the  personal  equation  which 
underlies  them.  I  thought  this  a  sensible  remark,  and  I  have 
probably  devoted  as  much  time  to  the  very  dreary  work  as  anybody. 
One  result  will  appear  in  the  course  of  a  few  weeks  in  a  work  of 
900  closely  packed  pages  on  what  I  have  ventured  to  call  the 
Glacial  Nightmare.  Another  result  I  have  tried  to  present  in  the 
pages  of  the  Geological  Maoazinb.  Mr.  Jukes-Browne  affects  to 
despise  this  kind  of  work,  and  yet  I  have  no  doubt  he  agrees  with 
me  that  any  man  deserves  condemnation  who  in  these  days,  when 
so  many  busy  hands  and  eyes  are  at  work,  ventures  to  publish  as 
his  own  what  others  have  published  long  before  and  consequently 
that  no  one  has  a  right  to  publish  a  fact  until  he  has  taken  great 
pains  to  find  out  that  it  is  new  and  of  some  importance,  as  well 
as  true. 

What  I  have  done,  and  shall  continue  to  do,  in  any  geological 
excursions  I  may  make,  is,  not  only  to  report  my  own  limited 
experience  in  the  field,  but  also  to  bring  together,  as  far  as  my  bad 
health  and  mortgaged  time  will  allow,  the  varying  and  contradictory 
testimony  of  other  explorers,  many  of  them  better  men  than  myself, 
and  to  try  and  equate  their  testimony  with  some  positive  conclusion. 
In  many  cases  it  is  impossible  to  re-examine  the  sections,  since  they 
are  effaced,  and  if  they  were  not,  my  own  observations  would  not, 
in  my  eyes,  be  of  greater  authority  than  those  testified  to  by  others, 
whose  judgment  I  respect  We  all  need  checking,  and  all  our 
testimony  needs  sifting,  and  nowhere  more  so  than  when  stupendous 
issues  depend  upon  the  result. 

I  hold  it  to  be  of  very  great  importance,  not  merely  on  the  question 
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of  settling  the  succession  of  the  surface  beds,  but  in  tracing  tlie 
b(*ginning8  of  human  life  on  the  earth,  that  we  should  if  we  can, 
fix  the  horizon  .of  the  Mammoth  beds.  I  have  therefore  applied 
what  I  hope  is  candid  criticism  to  the  evidence  in  regard  to  them, 
and  the  result  is  a  conviction  in  my  own  mind  that  the  evidence 
breaks  down  or  is  most  unsatisfactory  in  every  case  which  is 
supposed  to  prove  tliat  the  Mammoth  lived  after  the  distribution 
of  the  drifts.  Mr.  Jukes- Browne  says  that  I  claim  to  have  proved 
a  universal  negative,  which  is  beyond  human  power.  My  ohject 
was  very  much  more  modest  It  was  merely  to  conclude  from  the 
available,  not  the  t/navat7a6/e,  evidence  that  the  case  for  the  existence 
of  the  Mammoth  after  the  distribution  of  the  Drifts  entirely  breaks 
down.  My  conclusion  was  certainly  not  the  result  of  d  priori  pre- 
judice, for  I  have  openly  recanted  some  of  my  early  views  on  this  very 
subject,  drawn  from  a  pai*tial  and  imperfect  induction.  That  any 
one  should  be  deemed  guilty  of  anything  but  a  service  to  science 
who  subjects  the  discordant  and  divergent  testimonies  of  "  practical 
geologists"  to  criticism,  is  a  curious  instance  of  a  reversion  to 
ecclesiastical  methods  of  discussion. 

Mr.  Jukes-Browne  does  not  profess  to  meet  my  arguments  or 
deny  my  conclusions,  except  in  one  instance,  namely,  that  of  Burghs 
in  Lincolnshire.  This  is  a  peculiarly  unfortunate  instance,  because 
whatever  views  may  have  been  held  about  the  Mammoth  having 
been  an  inter- glacial  animal,  I  do  not  know  any  one  who  contends 
that  the  E.  antiquva  and  the  B.  leptorhinv»y  both  of  which  were 
found  in  the  bed  in  question  at  Burgh,  and  both  of  which  belong  to 
an  older  horizon,  can  have  lived  during  some  interval  in  the  so- 
called  glacial  age.  Mr.  Jukes-Browne's  test  of  my  capacity,  namely, 
that  I  have  mistaken  one  part  of  the  valley  of  the  Ouse  for  another, 
is,  as  your  readers  can  see  if  they  will  turn  to  what  I  wrote,  a  test 
only  of  my  critic's  knowledge  of  the  English  language.  I  have 
nothing  to  correct,  and  nothing  to  alter  in  what  1  wrote,  save  the 
spelling  of  the  word  remanidf  which  was  due  to  the  printer's 
difficulty  with  my  writing ;  but  I  emphatically  re-assert  my  very 
strong  objection  to  the  basing  of  such  a  tremendous  postulate  as  the 
intercalation  of  a  Mammoth  period  between  two  ice  ages,  upon  the 
broken  down  and  utterly  fragile  evidence  which  is  alone  forthcoming 
to  support  it. 

Lastly,  Mr.  Jukes-Browne,  who  apparently  fancies  that  I  am  a 
wealthy  man,  instead  of  being  a  very  poor  one,  bids  me  dig  and  test 
the  case  in  a  proper  way,  like  my  friend  General  Pitt- Rivers  has 
tested  other  questions.  I  wish  I  could  afford  to  dig.  for  I  quite 
agree  with  him  about  the  absolute  necessity  of  digging,  if  we  are 
to  test  the  case  properly ;  and  I  have  said  so  very  strongly  at  the 
two  last  anniversary  dinners  of  the  Geological  Society.  Nothing  to 
me  seems  more  futile  and  absurd  than  that  a  great  public  institution 
like  the  Geological  Survey,  should  devote  years  of  the  work  of  some 
of  the  ablest  men  it  can  command,  including  Mr.  Jukes-Browne, 
and  expect  them  to  report  upon  the  most  difficult  beds  in  the  world, 
and  to  do  so  and  to  map  with  no  other  evidence  before  them  than 
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tbe  seotions  in  oasual  clay-pits  or  obalk-pits,  or  in  the  sea-olififs; 
sections  which  have  been  read  almost  in  as  many  ways  as  there  have 
been  explorers.  No  wonder  that  the  results  satisfy  nobody,  least  of 
all  (as  I  know  in  several  cases)  the  reporters  themselves.  All  this 
I  quite  agree  in,  and  I  hope  if  the  Oovernment  will  not  find  money, 
the  British  Association  or  the  Boyal  Society  will  do  so,  in  order 
that  we  may  have  some  test  digging.  What  I  do  object  to  is  that 
Mr.  Jukes-Browne  should  transfer  the  harden  of  proof  to  my 
shoulders,  and  that  he  should  bid  me  dig,  in  order  to  supply  the 
lack  of  evidence  for  hiH  conclusions.  The  burden  of  my  paper  is 
to  show  that  the  case  of  those  who  affirm  the  so-called  inter-glacial 
or  post-glacial  existence  of  the  Mammoth  completely  breaks  down 
when  tested.  It  is,  therefore,  for  the  champions  of  that  view  to 
find  some  evidence  to  support  it  which  is  not  entirely  fly-blown. 
Those  who  ought  to  dig  are  those  whose  case  is  in  jeopardy.  No 
one  would  welcome  such  digging  more  than  myself,  whatever  its 
results,  for  I  never  can  understand  the  pique  and  temper  which 
some  men  show  when  their  views  are  no  longer  tenable,  as  if  all 
human  knowledge  were  not  more  or  less  tentative;  and  as  if  any 
sensible  man  values  an  hypothesis  by  its  finality.  Let  Mr.  Jukes- 
Browne,  then,  press  on,  with  the  help  of  us  all,  in  the  application 
of  a  real  test  to  the  evidence  in  question ;  and  if  we  cannot  have 
digging,  let  us  at  all  events  retain  our  scientific  credit  by  applying 
adequate  criticism  to  every  statement  and  every  fact  upon  which  a 
wide-reaching  conclusion  is  based. 


I.— On  a  Sample  of  Cone-in-Conb  Structure,  tound  at  Picton, 
New  South  Wales.*     By  A.  J.  Sach,  F.C.S. 

THE  so-called  Cone-in-Cone  structure,  which  appears  to  be^  found 
in  most  countries,  and  which  consists  either  of  impure  carbonate 
of  lirae'or,  less  frequently,  of  impure  carbonate  of  iron,  still  awaits 
a  satisfactory  explanation  as  to  its  mode  of  formation.  It  is  more 
for  the  sake  of  eliciting  the  opinions  of  the  geologists  now  assembled, 
tlian  of  advancing  any  theory  of  my  own,  that  I  exhibit  the  present 
specimen,  and  offer  a  few  remarks  on  its  composition  and  structure. 

Out  of  some  half-dozen  of  geological  text-books  that  I  consulted  in 
the  public  libraries  of  Sydney,  that  by  Sir  Archibald  Geikie,  F.K.S., 
is  the  only  one  containing  a  reference  to  the  Gone-in-Cone  structure. 
Geikie  appears  to  adopt  the  opinion  of  Professor  Marsh,  who  states 
that  the  complex  structure  known  as  Cone-in-Cone  may  be  due  to 
the  action  of  pressure  upon  concretions  in  the  course  of  formation. 

H.  C.  Sorby,  F.R.S.,  in  a  paper  read  before  the  British  Associa- 
tion, 1859,  stated  that  he  had  examined  transparent  sections  of  the 
structure  with  a  low  magnifying  power  under  polarized  light,  and 
concluded  that  it  was  intimately  connected  with  some  kind  of  Oolitic 

*  Read   before   the  Australian  Association   for   the  Advancement   of  Science, 
Section  C.(Geology)  ^  Hobart,  1892. 
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grains,  which  hare  crjsUls  of  calciDm  carbonate  deposited  almoit 
entirely  on  one  side  along  the  axis  of  the  cones  in  such  a  fan-shaped 
manner  as  to  give  rise  to  their  conical  shape.  He  states  his  con- 
riction  that  the  stmctore  is  one  of  the  pecoliar  form  of  conoretiooi 
formed  after  the  deposition  of  the  rock  in  which  thej  occur  by  the 
crystallization  of  the  calcinm  carbonate  and  other  isomorphoos  bases. 

Dr.  Dawson,  in  his  Acadian  Geolc^y,  1868,  asserts  that  the 
■tmclnre  is  produced  by  concretionary  action  proceeding  from  the 
surface  of  a  bed  or  layer,  and  modified  by  gradual  compression  of 
the  materiaL 

R.  Daintree,  F.G.S.,  Quarterly  Journal  of  Geologpoal  Society, 
▼ol.  xxTiii.  1872.  says  that  the  structure  has  more  of  the  appearance 
of  a  chemical  precipitate  than  of  a  mechanical  deposit. 

John  Young,  F.G.S.,  Transactions  of  the  Geological  Society  of 
Glasgow,  vol.  viiL,  read  a  paper  on  the  subject  in  1885.  He 
possessed  evidence  that  the  band  of  Cone-in-Cone  structure,  which 
he  described,  rested  on  a  clay-band  ironstone,  and  that  it  was  on 
the  same  horizon  as  a  bed  of  stratifieil  shale,  composed  in  bulk  of 
calcareous  shells  of  Entomostraca,  of  species  frequenting  lacustrine 
waters.  He  possessed  many  samples  of  the  mineral  which  had 
been  found  in  Scotland,  and  none  had  been  associated  with  marine 
deposits.  After  careful  examination  he  concluded  that  the  Cone- 
in-Cone  structure  is  the  result  of  a  mechanical  action  set  up  by 
chemical  agencies  generated  in  the  stratum,  and  whilst  the  deposition 
of  the  sedimeut  was  going  on.  The  chemical  agencies  were  the 
outward  and  upward  escape  of  gases  generated  by  the  decomposition 
of  organic  matter  in  the  deposit ;  the  gases,  as  they  escaped  through 
the  ooz>'  and  plastic  mud,  elevated  the  sediment  around  the  several 
points  of  eruption  into  ring-like  layers. 

The  sample  which  I  now  exhibit  occurs  at  Picton,  New  South 
Wales,  in  the  upper  course  of  the  Picton  Creek,  which  traverses 
a  valley  locally  known  as  Glenforsa,  The  hills  on  either  side  are 
well -grassed  slopes  of  Wianamatta  shales,  which  are  of  Triassic  age, 
and  are  generally  considered  of  fresh-water  origin.  I  do  not  know 
of  any  extensive  shell-beds  or  other  lime  deposit  found  in  the  shales, 
but  when  traversing  the  glen  some  irregular  nodules  of  calcium 
carbonate  were  picked  out  of  the  banks  of  the  creek.  The  Cone-in- 
Cone  mineral  occurs  as  a  horizontal  layer,  which  is  exposed  in  the 
bed  of  the  creek,  but  passes  under  the  adjoining  bank.  So  far  as 
I  could  learn,  it  is  not  now  in  process  of  formation.  The  thickness 
is  about  two  inches,  comi)osed  entirely  of  cones  within  cones  closely 
packed  together.  It  has  been  asserted  that  in  some  European 
specimens  the  apices  of  the  cones  point  both  upward  and  downward, 
but  m  the  specimen  now  under  consideration  all  the  apices  point  down- 
ward. Tlie  open  bases  of  the  cones,  formed  of  ampitheatre-like  cavities, 
are  about  half  an  inch  in  diameter,  and  small  ones  are  sometimes 
formed  within  the  larger  ones.  The  chemical  composition  of  the 
specimen  is,  approximately — Calcium  carbonate,  67  54  per  cent; 
matter  insoluble  in  strong  hydrochloric  acid,  21*2;  sesquioxide  of 
boo,  4*14;  magnesium  carbonate,  0'7 ;  water,  3*1.     In  some  parts 


.  Notices  of  Memoirs — Dr,  JoAnsion-Lam  on  Vesuvius.    607 

the  inineral  is  distinotly  crystalline,  and,  in  my  opinion,  a  purely 
mechanical  origin  can  scarcely  be  entertained.  It  appears  to  be 
a  chemical  precipitate  which  has  resulted  in  imperfect  or  disguised 
crystallization.  The  fioor  crystallizations,  known  as  **  crystal  cities," 
at  the  Jenolan  Caves,  N.S.W.,  have  a  somewhat  similar  external 
form.  The  mineral  might  have  been  formed  in  the  drying  up  of 
the  calcareous  waters  of  a  lake. 
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IL — Bkpobt  of  the  Committee,  consisting  of  Messrs.  H.  Bauerman, 
F.  W.  BuDLEB,  and  J.  J.  H.  Teall,  and  Dr.  Johnstom-Lavis, 
appointed  for  the  investigation  of  the  Volcanic  Phenomena  of 
Vesuvius  and  its  Neighbourhood.  (Drawn  up  by  Dr.  Johnbton- 
Lavis.) 

SINCE  the  last  Beport,  nearly  all  the  tunnelling  for  the  great 
main  sewer  is  complete,  and  few  additional  facts  of  interest  have 
come  to  light.  Several  little  problems  of  purely  local  geology  have, 
however,  been  solved.  In  the  lower  sewer  collector,  beneath  the 
tramway  tunnel  of  Naples,  a  peculiar  grey  trachytic  mass  has  been 
met  with,  and  was  penetrated  for  a  short  distance.  On  account  of 
a  lawsuit  the  works  do  not  progress.  The  mass,  however,  is  of 
considerable  interest,  as  it  is  below  the  great  yellow  tuff  of  Posillipo 
and  Naples.  The  rock  was  ejected  rapidly  in  very  pasty  or  almost 
solid  fragments,  which  in  some  cases  blended  with  the  others  thrown 
out  just  before  and  after,  and  are  flattened  out  in  a  pipernoid 
manner.  At  other  points  the  fragments  are  broken,  mixed  with 
dust,  and  consequently  incoherent.  When  this  deposit  is  cut 
through,  it  will  probably  confirm  my  theory  regarding  the  piperno 
of  Pianura  and  Soccavo,  as  being  the  result  of  lumps  of  lava  ejected 
in  great  blobs,  which,  falling  quite  hot  around  the  vent,  have 
become  resoldered  together,  and  have  even  flowed  a  little. 

Very  high  temperatures  have  been  met  with  in  the  tunnel  near 
the  Solfatara,  where  I  registered  myself  59^  C.  on  a  day  that  the 
workmen  considered  a  very  fresh  one  for  the  workings,  i.e.,  with  a 
high  barometer  still  rising. 

The  statement  made  many  years  since  by  Professor  A.  Scacchi, 
that  fragments  of  leucitic  lavas  had  been  found  by  him  at  the  Foce  di 
Fusaro,  near  the  Torre  Gavetta,  led  me  to  suspect  the  existence 
there  of  the  Museum  breccia.  On  examining  the  locality  this  was 
confirmed,  and,  in  fact,  the  whole  sea  cliff  of  Mte.  di  Procida 
exhibits  a  most  interesting,  though  complex,  section  of  the  volcanic 
series  of  the  Phlegrean  Fields. 

We  there  have  a  series  of  trachytes  forming  the  base  of  the 
section,  very  various  in  texture,  and  often  covered  with  thick  beds 
of  their  own  scoriss,  which  are  often  consolidated  into  a  kind  of 
trachytic  breccia  quite  analogous  to  the  'sperrone'  of  the  Aiban 
hills.  This  is  overlaid  by  fine  lapilli  and  pumice  beds,  which  vary 
very  much  in  thickness.  Lying  unconformably  upon  these  are 
irregular  buried  outliers  of  the  grey  pipernoid  tuff  of  the  region. 
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In  one  place  the  pipemoid  tnff  is  seen  in  section  as  an  exceedingly 
obtuse  V-8hape<i  lusiss,  ba^in^  choked  an  old  valley,  and  possessing 
the  following  characters :  llie  black  scoria  fragments  are  very 
slightly,  if  at  all.  flattened,  are  very  spongy,  are  of  good  size,  and 
form  an  important  constituent  of  the  deposit.  From  this  we  can 
conclude  that  the  distance  would  well  correspond  with  my  sapposed 
eruptive  mouth  to  the  S.S.W.  of  Camaldoli,  not  very  far  from  the 
Lago  dAgnaiio.  from  which  I  believeil  issued  the  piperno  and  the 
gre  iter  pnrt  of  the  pipemoid  tuff  of  the  Campania.  The  distance 
was,  in  fact,  such  as  to  allow  time  for  only  the  lighter  pieces  of  scoriae, 
the  equivalent  to  the  black  flackers  of  the  piperno,  to  travel  so  far, 
and  these  to  be  so  cooleil.  that  when  they  fell  they  were  sufficiently 
rigid  to  no  longer  be  flattene<l  out  by  the  impact. 

This  grey  pipemoid  tuff  has  here  suffered  much  denudation,  for 
in  many  places  it  is  quite  removed.  Towards  Torre  Gavetta  the 
*  Museum '  breccia  is  well  developed,  being  composed  of  very  large 
blocks  of  the  numerous  varied  rocks,  followed  by  beds  of  the  woody 
pumice,  woody  looking  scoria?,  and  scoriaceous  black  centred  vitreooa 
trachyte  fragments  and  pumice.  Lying  with  very  marked  uncon- 
fonnability  upon  it  is  a  great  thick  be<l  of  the  compact  yellow  tnff, 
either  deriveil  from  Campagnone  or  the  neighbouring  cone,  a  shoe 
of  which  forms  Misenum.  In  this  section  we  have  splendidly 
exhibited  many  of  the  great  geological  records  in  the  history  of  this 
remarkable  volcanic  region.  Each  of  these  stages  is  defined  from 
those  above  and  below  it  by  more  or  less  long  periods,  during  which, 
in  some  cases,  very  extensive  denudation  had  taken  place.  At  this 
point  also  I  am  satisfied  we  have  products  of  the  eruptions  of  the 
Procida  and  neighlx)uririg  centres  interstratified  with  those  of  the 
mainland,  and  in  which  in  time  I  hope  to  work  out  the  relative 
chronology. 

The  discoveries,  which  in  so  striking  a  manner  confirm  my  con- 
clusions reganling  the  higlily  complex  stratigraphy  of  this  r^ion, 
induced  me  once  more  to  examine  in  detail  that  isolated  eminence 
upon  which  once  stood  the  renowned  Greek  town  of  Cumse,  founded 
about  1000  B.C. 

Time  has  favoured  the  geologist,  for  here,  however  much  the 
archteologist  may  grieve,  it  has  once  more  exposed  to  human  eyes 
sections  that  for  many  centuries  were  hidden  by  buildings,  but 
which  reveal  the  fact  that  those  very  rocks  that,  as  geologists,  we 
look  upon  as  very  recent,  liad  nearly  3000  years  since  much  the 
same  characters  as  now.  The  pumices  that  form  the  uppermost 
yellow  tuff  had  then  already  been  converted  into  a  rock  that  those 
early  colonists  cut  out  and  used  for  the  construction  of  their  walls. 
When  we  first  visit  CumsB,  and  our  thoughts  wander  back  through 
historic  time,  we  are  impressed  by  the  human  associations  with 
this  hill  for  such  a  long  period ;  but  when  we  return  with  our  eyes 
and  minds  geologically  cultured,  the  ancient  Greek  town  sinks  into 
insignificance  by  the  side  of  the  physical  history  of  the  mound  it 
■tood  upon,  when  we  remember  that  not  only  this  mound,  but  the 
vhole  region  is  post- Pliocene  in  age. 
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The  foundation  of  the  Gumean  hill  is  the  well-known  trachyte, 
rich  in  inclusions  of  sodalite,  of  amphihole,  and  I  have  detected,  not 
uncommonly,  crystals  of  fayalite.  Were  it  more  vesicular  it  would 
very  much  resemble  the  western  mass  of  trachyte  of  the  Cumana 
railway  tunnel  at  the  back  of  Naples. 

Above  this  come  some  pumice  and  dust  beds,  which  are  probably 
the  equivalent  of  the  Rione  Amedeo  tuffs.  Superposed  on  this  we 
find  a  dirty  grey  pipernoid  tuff  which  shows  much  remaniemetiL 
The  Museum  breccia  is  well  represented  in  patches,  and  is  overlaid 
by  a  bed  of  vitreous  trachyte  produced  by  the  resoldering  of  the 
falling  masses  into  one  solid  stratum,  where  the  surface  was  flat, 
but  where  on  an  incline  the  fragments  have  remained  separate.  The 
whole  is  capped  by  the  compact  yellow  tuff.  There  are  also  some 
minor  pumice  and  dust  beds  which  require  further  working  out 

The  trachyte  seems  to  have  oozed  forth  in  a  highly  pasty  con- 
dition, breaking  up  its  scoriaceous  surface,  which  rolled  down  the 
sides  of  the  dome-shaped  mass,  and  by  pressure  and  heat  from  the 
main  mass  become  again  soldered  together — in  fact,  a  sort  of 
regelation.  The  brecciated  structure  is  undiscernible  in  hand  speci- 
mens or  under  the  microscope,  but  is  well  etched  out  by  meteorio 
agencies.  Each  of  the  deposits  mentioned  above  shows  more  or  less 
unconformability,  which  correspond  as  they  themselves  do  with 
those  beds  of  the  Monte  Santo  Funicular  Railway,  the  Cumana 
Railway,  Pianura,  Soccavo,  Monte  di  Procida,  Nocera,  Castellamare, 
St  Agata,  Capri,  Caserta,  etc.,  that  I  have  described  in  other  reports 
and  papers. 

These  are  the  principal  sections  which  record  the  later  geological 
history  of  the  Phlegrean  Fields,  and  from  which  I  have  been  able  to 
unravel  the  stratigraphy  of  the  highly  complex  Neapolitan  volcanic 
region.  So  far  it  has  been  explained  only  in  these  reports  and  other 
disjointed  papers,  but  before  long  I  hope  to  be  able  to  place  before 
the  scientific  world  a  far  more  detailed  description  of  one  of  the 
most  interesting  as  well  as  the  most  classic  and  accessible  volcanic 
regions  of  the  world. 

Before  quitting  the  subject,  however,  I  wish  to  call  attention  to 
the  confirmation  that  the  sections  mentioned  in  this  Report  afford  of 
my  explanation  of  the  piperno  and  pipernoid  structure  in  general. 
We  see  distinctly  that  the  variation  in  colour  and  texture  of  the  two 
constituents  of  the  piperno,  which  chemically  are  identical,  is  sin) ply 
due  to  the  greater  saturation  with  HjO  of  one  portion  of  the  magma 
than  the  other  in  the  old  chimney  of  the  volcano  at  the  time  of  the 
eruption.  The  consequence  was  that  the  more  aquiferous  part  was 
erupted  as  a  fine  dust,  and  the  less  aquiferous,  more  coherent  magma 
was  ejected  in  large  fragments  or  more  or  less  scoriaceous  cakes, 
which  lost  their  heat  the  more  slowly,  in  proportion  to  the  less 
water  they  contained.  The  densest,  and  at  the  same  time  the  slowest 
to  cool,  fell  near  the  eruptive  mouth,  flattened  out,  squeezed  out 
those  beneath  them,  and  were  squeezed  out  by  those  above  them, 
forming,  with  the  included  dust,  the  compact  piperno  in  which  the 
foliated  structure  is  most  developed  towards  the  west  end  of  the 
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8oocaTo  tection,  where  the  nearest  existing  remnant  to  the  old  crater 
is  now  preserred.  and  where  the  inclination  was  greatest,  and  con- 
sequent ly  where  actiiallj  slight  flow  took  place.  The  more  scoriaceoot 
of  these  lava  cakes  were  carrie<j  to  greater  distances,  so  that  as  we 
travel  away  from  the  eruptive  axis  we  find,  first,  that  the  blsck 
fra^nn^nts  beome  less  markedly  flattened  because  they  cooled  more 
rapidly  from  expansion,  and  also  because  they  travelled  farther,  until 
they  no  longer  show  flattening  parallel  to  the  bedding  more  thin 
what  would  be  due  to  any  of  them  being  accidentally  of  a  flattened 
or  elongated  form,  and  so  lying  flat  on  the  surface  they  fell  upon ; 
second,  we  find  that  as  their  radial  distance  from  the  eruptive  axis 
increased,  tlie  fragm^'Uts  at  first  get  lighter ;  and  third,  when  the 
limit  of  lightness  and  cohesion  is  reached,  they  get  smaller  and 
smaller,  so  thit  at  Koccamonfina  and  Salerno  the  pipemoid  tuff  is 
chiefly  composed  of  the  grey  dust  with  only  few  and  minute  frag- 
ments of  black  SCO  rite.  This  seems  to  have  been  modified  by  strong 
winds  and  possibly  by  the  eruption  taking  place  along  a  cleft  much 
like  that  formed  in  the  late  Tarawera  eraption,  or  as  in  many  cases 
in  Iceland,  such  as  the  Skaptar  outburst,  though  most  of  the  latter 
locality  does  not  belong  to  explosive  types  of  eruptions. 

There  is  in  Iceland,  at  Krisuvik,  the  principal  one  of  several 
crater  lakes  that  exhibit  in  a  striking  manner  the  resoldering 
together  of  ejected  fragments,  into  what  might  at  first  appear  to  be 
a  true  lava  stream.  I  allude  to  the  Groenavatn,  in  which  we  have 
an  almost  circular  conical  hollow  nearly  filled  with  water.  There 
is  only  a  very  low  ring  round  it,  composed  of  accidental  ejectamenta, 
being  nothing  more  than  the  ejected  fragments  of  the  materials, 
through  which  it  was  drilled,  with  practically  no  essential  ejecta, 
except  on  one  side,  where  we  have  a  mass  of  rock  that  looks  like  a 
lava  stream.  It  seems  there  must  have  been  at  the  moment  of  the 
eruption  a  very  strong  wind  which  carried  all  the  lava  fragments 
in  one  direction,  and  as  they  fell  they  blended  together  into  one  fairly 
uniform  nittss,  the  components  of  which  are  only  faintly  indicated 
by  a  slight  variation  in  colour,  somewhat  like  pipemo,  but  not  so 
well  marked.  The  top  and  bottom  are  less  coherent,  for  at  the 
bottom  the  fragments  fell  on  cold  ground,  whilst  the  top,  although 
falling  on  the  hot  mass  beneath,  could  not  be  pressed  into  contact 
with  it  by  later  falls.  No  doubt  also  the  explosions  were  feebler 
towards  the  end  and  the  interval  longer  between  the  fall  of  the  last 
fragments. 

We  find  exactly  the  same  thing  in  the  pipemo,  namely,  a  spongy 
tufaceous-like  bottom  and  top.  Besides  this,  the  lulls  and  accen- 
tuations of  the  explosive  action  are  well  marked,  as  well  as  the  time 
that  large  masses  of  the  crater  edges  fell  in  and  were  re-ejected. 
At  one  time  the  eruptive  action  seems  to  have  been  arrested,  and  the 
partly  or  entirely  consolidated  plug  was  blown  out  into  fragments 
and  deposited  amongst  the  pipemo. 

Vesuvius  has  since  the  last  report,  up  to  the  time  of  my  last  visit 

May,  shown  very  little  variation.     It  will  be  remembered  that 

issuing  at  the  site  of  the  eruption  of  June  7,  1891,  at  the 
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foot  of  the  great  oone,  more  than  three  hundred  metres  helow 
the  summit  at  the  junction  with  the  Atrio  del  Cavallo,  and  nearly 
opposite  the  Punta  del  Nasone.  This  outpour  praotioally  never 
stopped — ^at  times  it  increased  to  no  ioconsiderable  quantities,  but 
flowed  only  a  short  distance,  on  account  of  the  low  gradient,  tending 
to  pile  itself  up  into  a  mound.  On  other  occasions  it  seemed  to 
become  almost  arrested,  but  it  never  practically  stopped.  The  con- 
sequence of  all  this  was  that  at  the  foot  of  the  great  cone  in  the 
Atrio,  during  the  year  from  June  1891  to  June  1892,  a  tremendous 
mound  or  low-pitched  buttress  had  been  built  up,  so  that  its  highest 
part  1  estimate  to  be  20  m.  above  the  old  floor  of  the  Atrio.  This 
thickening  away  in  all  directions,  but  even  under  the  escarpment 
of  Somina,  the  present  floor  stands  for  considerable  distances  over 
5  m.  higher.  In  consequence  of  this  many  of  the  dyke  numbers 
which  cost  me  so  much  labour  to  put  up  some  years  since  have  been 
covered  over.  These  I  hope  to  be  able  to  replace  this  winter,  and 
to  repaint  all  the  rest  that  are  now  becoming*  obliterated.  It 
will  be  remembered  that  these  numbers  correspond  with  the  dykes 
figured  in  my  geological  map  of  Vesuvius,  and  all  collectors  now 
adopt  these  numbers  to  iudicate  the  locality  of  the  dyke  from  which 
the  specimens  were  obtained.  Professor  Bassaui  has  added  a  new 
and  complete  collection  of  these  interesting  dyke  rocks  to  the 
Naples  Museum,  and  has  arranged  them  according  to  my  numbering. 
The  great  importance  will  be  seen  of  maintaining  this  numbering 
mtact 

The  actual  details  of  the  variations  in  the  activity  are  as  follows. 
During  the  summer  and  autumn  of  1891  more  crumbling  in  of  the 
crater  edges  took  place,  followed  by  black  sand  and  dust-charged 
vapour.  The  outpour  of  lava  from  the  base  of  the  cone  in  the 
Atrio  from  time  to  time  almost  stopped,  to  be  followed  again  by 
fresh  gushes.  On  the  first  day  of  December  a  marked  extension 
took  place  to  the  south  and  south-east  of  the  crater  by  the  further 
crumbling  in  of  its  edges.  On  the  last  day  of  the  old  year  and 
commencement  of  181^2,  the  outflow  was  much  accentuated.  During 
January  and  February  few  variations  were  observable,  but  on 
March  17  and  18  slight  reflection  from  the  crater  was  visible  for 
the  first  time  for  nearly  a  year,  showing  the  rise  of  the  lava  in  the 
chimney,  due  certainly  in  part  from  blocking  of  the  lateral  channel 
as  the  outflow  of  lava  below  was  markedly  diminished.  On  the 
2l8t  the  activity  at  the  crater  was  distinctly  at  the  first  degree,  but 
on  the  22nd  the  second  degree  was  attained.  On  that  evening,  how- 
ever, a  gush  of  lava  showed  the  removal  of  the  lateral  obstruction  to 
its  outflow,  and  the  central  activity  so  diminished  that  the  following 
night  no  reflection  was  visible.  On  March  29  and  31  the  crater 
again  showed  the  first  degree  of  activity. 

This  was  followed  dunng  the  .first  week  of  April  by  a  fresh  out- 
flow of  lava,  which  still  more  increased  during  the  next  week. 
During  the  first  four  days  of  the  month  feeble  reflection  was  from 
time  to  time  visible  from  the  crater.  On  the  12th,  black  dusty 
smoke  was  puffed  out  from  time  to  time.    On  visiting  the  Atrio,  I 


512      Notiee9  of  Metnoin — Dr.  Johnston-Lavia  on  Veauciug. 

found  the  lava  that  flowed  had  formed  the  mound  above  spoken  of, 
aurmounted  by  the  furaaroles  figured. 

During  the  night  of  May  3-4  fresh  portions  of  the  crater  wall 
oolla{i8ed  and  blocked  the  vent,  so  that  during  the  following  day 
hardly  any  vapour  crowned  the  summit  of  the  volcano.  By  the  next 
day  the  increased  tension  of  the  vapour  was  sufficient  for  it  to  force 
its  way  tlirough  the  obstruction,  and  much  black  sandy  smoke 
escaped  during  the  5th,  6th,  7th,  and  8th.  Obstructing  masses  that 
had  detaclied  themselves  from  the  crater  sides  again  plugged  the 
vent  on  the  27th  and  28th,  followed  the  next  day  by  dark,  sandj, 
and  dusty  smoke. 

The  flowing  lava  showed  few  new  phenomena,  with  the  exception 
of  the  fine  examples  of  conical  and  tubular  spiracles  formed  above 
the  lava  exit  at  the  same  locality,  but  above  one  set  figured  in  the 
last  report  that  are  now  buried.  One  of  these  is  unique  on  account 
of  its  curved  overhanging  form.  It  has  been  ejected  at  the  liighest 
point  of  the  new' lava,  and  quite  at  the  foot  of  the  great  Yesuvian 
cone.  I  can  only  explain  its  inclination  at  the  lower  part,  other 
than  that  the  escape  of  vapour  and  lava  fragment  were  projected 
upwards  and  outwards  in  a  plane  radial  to  the  volcanic  chimney 
which  corresponds  with  the  orientation  of  the  fumarole.  This  lateral 
projection  seems  to  have  gone  on  for  some  time,  so  that  many  of  the 
blobs  of  lava  blown  out,  fell  and  formed  a  support  for  the  inclined 
tube.  As  the  blasts  escaped  more  feebly  the  edges  of  the  mouth 
became  more  solid,  and  so  the  lower  lip  diverted  the  column  more 
in  an  upright  direction,  until  the  growth  became  almost  vertical. 
The  whole  effect  is  to  produce  a  large  mass  somewhat  resembling 
a  recumbent  animal  with  its  neck  and  head  erect 

About  twenty  yards  more  distant  from  the  foot  of  the  cone  was 
another  large,  obtuse,  conical -shaped  fumarole,  which  had  been 
broken  away  on  one  side  and  well  exhibited  the  dome-like  interior 
covered  by  stalactitio  lava.  These  constitute  very  fine  examples 
of  what  kind  of  spiracles  may  be  built  up  on  the  surface  of  a  coarsely 
crystalline  lava,  such  as  that  now  issuing  from  Vesuvius,  They 
differ  very  considerably  from  those  described  and  illustrated  by 
Dana  and  others  from  Hawaii,  as  also  those  formed  on  acid  lavas  at 
Beunion,  of  which  one  or  two  figures  have  been  published. 

At  the  time  of  visiting  these  fumaroles  I  was  accompanied  by  my 
friend  Dr.  K.  D.  Roberts,  of  London,  who  was  much  interested  in 
these  striking  formations.  He  is  a  man  of  average  height,  so  that 
the  dimensions  of  these  fumaroles  can  be  judged  of  by  comparison 
with  his  figure  by  their  side  (photographs  exhibited). 

At  the  summit  of  the  great  cone  few  changes  have  occurred  beyond 
the  further  enlai^ement  of  the  crater.  When  slips  took  place  from 
the  edges,  dark  dust-laden  vapour  was  puffed  out  from  time  to  time. 
On  one  or  two  occasions  the  lava  rose  sufficiently  high  in  the 
chimney,  combined  with  the  sufficiently  strong  explosions,  to  project 
a  few  lava  cakes  beyond  the  crater  edges.  The  bottom  of  the  crater 
been  invisible  from  the  large  amount  of  vapour  present  on  each 
lion  that  I  visited  the  mountain  summit.    The  extreme  trunoa- 
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tion  of  the  old  emptivo  oone  is  very  strikingly  seen  by  oomparing 
the  photograph,  taken  a  little  over  a  year  ago  and  published  in  the 
last  report,  and  the  present  one  (photographs  exhibited). 

Since  I  quitted  Naples  an  actual  crateret  has  opened  in  the  Atrio 
at  the  point  where  these  fnmaroles  stood,  and  several  gushes  of  lava 
have  taken  place.  I  shall  more  fully  report  on  these  new  phases 
on  roy  return  to  Naples. 

III. — ^NiNTH  Beport  of  the  CoicMiTTKK,  cousisting  of  Professor 
T.  Wiltshire  (Chairman),  Dr.  H.  Woodward,  and  Professor 
T.  Rupert  Jonks  (Secretary),  on  the  Fossil  Phyllopoda  of  tlie 
Palsdozoic  Bocks.     (Drawn  up  by  Professor  T.  Bupert  Jonks.)^ 

EIGHT  reports  by  this  Committee  have  been  handed  in  and 
printed,  the  last  in  1890.  Part  I.  of  the  'Monograph  on  tlie 
British  Fossil  Phyllopoda,'  by  Prof.  T.  Bupert  Jones  and  Dr.  H. 
Woodward,  published  by  the  Palseontographical  Society,  contained 
twelve  plates,  illustrating  thirty-nine  species,  belonging  to  four 
genera  of  Phyllocarida  (Ceratioearida)  therein  described.  Part  II. 
of  that  Monograph  is  now  finished,  and  has  five  plates  of  twenty- 
eight  species  in  seven  genera  (including  some  of  both  the  bivalve 
and  the  univalve  Fhyllocarida). 

llie  genera  here  treated  of  are  HymenoeartB,  UngulocartB,  Sacco- 
earia,  Caryoearis,  Aptyehopsis,  Peltoearis,  Pinnoearis,  and  Disdnocaris. 

I.  Of  HymenoearxB  we  know  of  only  two  species,  both  British^ 
namely,  (1)  H,  vermicauda,  Salter,  very  common  in  some  beds  of 
the  Lingula-flags  in  North  Wales;  and  (2)  H,  lata,  Salter,  repre- 
sented by  a  unique  and  distorted  specimen  from  the  same  strata. 

II.  Of  LingvdocarxB  there  are  (1)  L.  Ungulacomes,  Salter;  (2) 
L.  BiliquiformiSf  Jones;  and  (3)  L.  Salteriana,  T.  B.  J.  and  H.  W. 
These  are  from  the  Cambrian  of  North  Wales. 

m.  Saceoearis  major,  Salter,  from  the  Lingnla-flags,  and  S.  minor, 
T.  B.  J.  and  H.  W.,  from  the  Arenig  series,  are  described  and  figured. 

IV.  CaryocartB  Wrightti,  Salter,  and  the  thinner  C.  Marrii,  Hicks, 
from  the  Skiddaw  slates  of  Westmoreland,  are  fully  treated  of;  and 
it  is  suggested  that  the  latter  form  is  possibly  due  to  a  sexual 
difference. 

V.  Of  Aptyehopsis  we  have  recognized  thirteen  species,  mostly 
British  z  \,  A,  prima,  Barrande,  with  its  varieties  longa  and  sea^nda, 
all  Bohemian.  2.  A.  Barrandeana,  sp.  nov.,  and  its  variety  hrevior, 
nov.  3.  A.  eordiformiSy  sp.  nov.  4.  A,  lata,  sp.  nov.  5.  A, 
glabra,  H.  W.  6.  A.  Wilsont,  H.  W.  7.  A,  Salteri,  H.  W.  8.  A. 
Lapworthi,  H.  W.  9.  A,  ovata,  sp.  nov.  10.  A.  auhquadrata,  sp. 
nov.     11.  A.  angvlata,  Baily.     12.  A.  ohlata,  sp.  nov. 

Nos.  6  and  8  are  probably  represented  among  the  several  figures 
of  various  forms  of  *  Aptyehopsis  prima  *  given  by  Barrande  in  his 
Syst.  Silur.  Bohdme,  vol  i.,  Supplement,  1872,  plate  xxxiii. 

Nos.  10  and  11  are  from  the  Silurian  of  Ireland;  the  others 
(excepting  No.  7,  from  South  Wales)  are  from  the  Moffat  series  of 
South  Scotland. 

1  Read  before  (Section  C)  Britisli  Association,  Bdinbuxgh,  A.\i!^t^  \%^1« 
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YI.  Three  specieB  of  Peliocarts  are  (1)  P.  aptychoides^  Salter; 
(2)  P.  amiltna,  Salter ;  (3)  P.  patida,  ap.  nov. 

Like  AptychopstB,  Peliocarts  is  an  Upper-Silurian  Britiah  form, 
with  some  representatives  in  the  Middle  Silurian. 

YII.  Finnocari»  Ixipworihi,  Etheridge,  jun.,  a  rare  Silurian  form, 
is  known  in  Ayrshire  and  Westmoreland. 

YIII.  Of  the  round  suboonioal  tests,  undivided  exoept  by  the 
triangular  nuchal  notch,  Discinocaria  gives  four  species,  all  from  the 
Upper  or  Middle  Silurian  of  South  Scotland  and  We»tmorelaDd : 
1.  D.  Browniana,  H.  W.  2.  D.  ovoHb,  sp.  nov.  3.  D,  undulata, 
sp.  nov.     4.  D.  gigas,  H.  W. 

The  British  specimens  here  referred  to  belong  to — (1)  the  British 
Museum ;  (2)  the  Museum  of  Practical  Geology  and  Geological 
Survey  of  Great  Britain ;  (3)  Museum  of  the  Geological  Survey 
of  Scotland ;  (4)  Museum  of  the  Geological  Survey  of  Ireland; 
(5)  Woodwardian  Museum,  Cambridge ;  (6)  Museum  of  the  Owens 
College,  Manchester.  The  authorities  of  these  institutions  have 
oourteouRly  given  us  facilities  (by  loan  or  otherwise)  for  studying 
the  specimens.  For  the  loan  of  a  large  series  we  owe  thanks  to 
Mr.  J.  D.  Brown,  of  Moffat,  and  for  others  to  Dr.  C.  Lapworth,  of 
Birmingham.  The  lute  Mr.  James  Dairon,  of  Glasgow,  also  oblig- 
ingly lent  us  some  specimens. 

The  Pinnearidis  {DiihyrocariB,  etc.)  have  next  to  be  described  and 
figured  in  detail ;  and  further  descriptions  and  figures  are  required 
of  the  Ceraiiocarida,  for  which  the  C-ommittee  have  aooumulated 
much  material.  Mr.  J.  G.  Williams,  F.G.S.,  of  Ffestiniog,  has  lent 
the  Committee  a  large  senes  of  Norlli  -Welsh  Phyllocarids,  including 
HymenocariB  and  other  genera,  which  will  require  careful  study. 

The  chief  additions  since  1889  to  publibhed  information  about  the 
Palaeozoic  Phyllopoda  are — 

1.  Some  notes  on  the  Devonian  Estherta  membranacea,  with  a 
fifi:ure  and  description  of  an  oblong  variety,  showing  the  conoentrio 
riblets  and  interstitial  ornament,  in  the  Geological  Maqazink,  1890, 
PI.  XII.  Fig.  9,  and  1891,  p.  60. 

2.  In  his  Memoire  sur  la  Faune  du  Gr^s  Armoricain  (Annales 
Soc.  Geol.  du  Nord,  vol.  xix.  1891),  Dr.  C.  Barrois,  after  noting 
(pp.  147  and  149)  that  the  little  fossil,  quoted  by  MM.  de  Tromelin 
and  Lebesconte  as  Cytheropsis  aubtestis  (Report  Assoa  Fran 9. 
Congr^s  de  Nantes,  1876  [1876],  p.  23)  is  a  Primitia,  near  P.  debilia, 
Barrande,  proceeds  to  treat  of  Myocaris  lutrana  at  pp.  220  and  221, 
pi.  V.  fig.  4;  and  describes  a  small  caudal  spine,  probably  of  a 
Ceratiocaris,  p.  221,  pi.  v.  ^g,  3;  also  an  abdominal  segment  and 
caudal  appendages  (style  and  sly  lets)  of  a  new  Ceratiocarid,  namely, 
^Trigonocarys*  [^Trigonocaria^  Lebescontei,  nov.  gen.  et  sp.,  pp. 
222-226,  pi.  V.  figs.  6  and  6 ;  all  from  Guichen. 

3.  Description  of  Fossils  from  the  PalsBozoic  Books  of  Ohio,  by 
R.  P.  Whitfield  (Annals  New  York  Acad.  Science,  vol.  v.  December, 
1690)  :— 

pHge  662.  Phyllopoda,  p.  563,  EcMnocaris,  Whitfield  (Amer. 
Journ.  Soi.  1880). 
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At  pp.  564-5,  seven  groups  of  Ceratioeartda  are  defined,  acoording 
to  their  segments,  eto. 

Page  565.  Echinoearis  subhvis,  Whitfield,  1880,  pi.  xii.  figs.  12-14. 

Page  567.  E.  ptMtulosa,  Whitfield,  1880,  pi.  xii.  fig.  13. 

Page  568.  E.  multinodosa,  Whitfield,  1880,  pi.  xii.  ^g.  16. 

From  the  Erie  shales  of  Ohio  (= Portage  and  Chemung  groups  of 
New  York  State).  See  Amer.  Joum.  Science,  third  series,  toI.  xix. 
p.  36,  eta,  1880. 

At  p.  572.  Aristozoe  canadensis,  Whitfield,  1880,  pi.  xiL  figs.  17 
and  18,  from  the  Trenton  formation  in  the  Ottawa  baisin  of  Canada. 
Locality  unknown.     Introduced  for  comparison. 

See  also  Report  British  Association  for  1885  [1886],  p.  35. 

4.  The  illustrated  description  of  Diseinocaris  Dusliana,  by  Prof. 
0.  Novak,  in  the  Geolooioal  Magazine,  1892,  p.  148.  This  is  one 
of  three  specimens  found  by  Herr  Dusl  in  the  strata  of  the  ^*  Colonie 
Haidinger,*'  Bohemia,  and  referred  to  by  Mr.  J.  E.  Marr,  F.G.S.,  in 
the  Quart.  Joum.  Geol.  Soc,  vol.  xxxvi.  1880,  p.  617. 

5.  The  fauna  of  the  Lower  Cambrian,  or  Olenellus  Zone,  by 
Charles  D.  Waloott  (Tenth  Annual  Report  of  the  U.S.  Geological 
Survey,  1891?);  Protoearis  JlfaraW,"  Walcott,  p.  629,  pi.  Ixxxi. 
fig.  6  (Bull.  U.S.  Geol.  Snrv.,  No.  30, 1886,  p.  148,  pi.  xv.  ^g.  1)  :— 
an  obscure  subquadrate  test  (?),  with  a  many-segmented  body  and 
a  furcate  caudal  appendage  (see  our  Seventh  Report  for  1889 
[1890],  p.  64). 


IV.  —On  some  DicTxoDoyT  and  other  Reptilian  Remains  from  the 
Elgin  Sandstone.     By  E.  T.  Newton,  F.G.S.,  F.Z.S. 

AT  the  Aberdeen  meeting  of  the  British  Association,  in  1885,  Dr. 
Traquair  called  attention  to  the  skull  of  a  Dicynodont  which 
had  been  discovered  in  the  Elgin  Sandstone  of  Cutties*  Hillock 
(=New  Spynie).  Since  that  time  several  other  specimens  have 
been  obtained  from  the  same  place,  some  of  which  are  the  property 
of  the  Elgin  Museum,  while  others  belong  to  the  Geological  Survey 
of  the  United  Kingdom.  These  specimens  are  now  being  worked 
out  by  the  author,  and  this  communication  is  a  preliminary  note  on 
the  interesting  results  which  have  been  obtained. 

All  the  reptile  remains  obtained  from  Cutties'  Hillock  are  in  the 
condition  of  hollow  casts,  the  bones  themselves  having  been  dissolved 
away ;  this,  it  will  be  remembered,  was  the  case  with  some  of  the 
examples  of  Stagonolepis  from  the  Elgin  Sandstone,  described  by 
Prof.  Huxley,  and  the  method  of  taking  casts  from  the  hollow 
cavities,  which  was  adopted  in  that  case,  has  been  found  of  great 
advantage  in  the  present  instance.  The  blocks  when  brought  from 
the  qnan*y  were  more  or  less  split  open,  exposing  portions  of  the 
specimens.  In  some  cases  these  cavities  were  traced  out  and 
developed  with  the  chisel,  while  in  others  they  were  farther  split 
open,  thus  allowing  casts  to  be  taken.  In  many  cases  these  casts 
had  to  be  made  in  several  parts  and  afterwards  fitted  together. 
The  time  and  labour  involved  in  this  task  have  been  repaid  by  the 
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restoration  of  the  skulls  and  parts  of  skeletons  of  several  DicynodomlSf 
and  one  or  two  other  equally  remarkable  forms  of  reptiles. 

In  most  of  these  specimens,  including  that  noticed  by  Dr.  Traquair, 
the  skulls  are  similar  in  form,  although  differing  in  minor  details, 
and  have  a  general  resemblance  to  the  South  African  Dicynodon  and 
Oudenodofif  some  of  them  having  small  tusks  in  the  maxiliary  bones. 
With  most  of  these  skulls  parts  of  the  skeleton  have  been  found. 
Two  or  three  show  the  position  of  the  vertebral  column  and  ribs, 
but  up  to  the  present  no  definite  centra  have  been  traced ;  besides 
this  there  is  evidence  of  scapula,  clavicle,  humerus,  radius,  and  ulna, 
the  humerus  having  the  characteristic  anomodont  expansion  of  the 
two  extremities.  In  two  specimens  the  ilia  are  preserved.  These 
forms  appear  to  be  distinct  from  Dicynodon,  and  probably  represent 
at  least  two  or  three  species. 

Another  skull  presents  most  of  the  characters  of  Ptychognathus, 
but  has  a  short  muzzle  and  no  teeth,  llie  last,  and  by  far  the  most 
remarkable  skull  of  this  series,  is  about  six  inches  in  length,  and 
has  the  outer  surface  completely  covered  in  by  bony  plates,  the 
nostrils,  eyes,  and  pineal  fossa  being  the  -only  aperatures.  The  chief 
feature  of  this  skull  is  the  extreme  development  of  horns  upon  the 
face  and  cheeks,  there  being  about  thirty  of  these  formidable  defences 
varying  from  a  fourth  of  an  inch  to  nearly  three  inches  in  length, 
besides  some  smaller  bosses.  The  dentition  is  plenrodont,  and 
resembles  very  closely  that  of  the  living  Iguana ;  the  palate  is 
lacertilian.  but  with  the  pterygoids  united  in  front  of  the  pterygoid 
vacuity.  This  skull  reminds  one  very  strongly  of  the  living  Mohch 
and  Phrynosoma,  but  it  probably  finds  its  nearest  ally  in  the  Pareia- 
anurua  from  the  south  African  Karoo  Bed.  The  detailed  description 
of  these  specimens  is  nearly  completed,  and  will,  it  is  hoped,  be 
shortly  published* 


I^  E  V  I  33  ^W  S. 

I. — The  Paddles  and  Fins  or  Ichthyosaurus. 

Ueber  einen  nkubn  Fund  von  Ichtkyoaaurtu  in  Wurtkmbero.    By 
Dr.  Everhard  Fraas.     Neues  Jahrb.  1892,  vol.  ii.  pp.  87-90. 

1  GRACES  of  the  skin  have  long  been  known  to  occur  with  the 
remains  of  the  skeleton  of  Ichthyoaaurua  in  the  fine-grained 
limestones  and  indurated  shales  of  the  Lias;  and  the  descriptions  of 
the  integument  of  the  paddle  by  Sir  Richard  Owen,  Dr.  Everhard 
Fraas,  and  Mr.  Lydekker,  are  now  familiar  to  most  students. 
Hitherto,  however,  well-preserved  specimens  showing  the  precise 
contour  of  the  animal,  have  been  a  desideratum  ;  and  we  therefore 
note  with  especial  pleasure  the  recent  discovery  by  Dr.  Everhard 
Fraas  of  an  Ichthyoaaurua  with  the  nearly  complete  integument  in 
the  Upper  Lias  of  Wiirtemberg.  Through  the  courtesy  of  Dr.  Fraas 
we  are  enabled  to  reproduce  his  drawing  of  the  fossil,  accompanied 
by  an  outline-restoration  based  upon  the  facts  it  makes  known. 
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Zoologists  oommanlj  ragard  the  lohtfajrosanrian  modification  among 
ieptil«8  as  equivalent  to  that  of  the  cetacea  among  mammals ;  and 
it  is  very  interesting  to  find  how  remarkikbly  dolphin-like  is  the 
restoration  of  Ii^thyotaurvt  given  by  Dr.  Froas.  There  is  a  tri- 
angular dorsal  fin,  and  also  a  large  caudal  fin ;  while  a  row  of 
horny  exorescenoea  extends  along  the  back  from  the  former  to  the 
latter,  lehlhifOMUTUt,  however,  differs  essenlially  from  the  dolphtna 
in  having  the  great  caudal  fin  vertically,  instead  of  horizontally, 
extended.  The  vertebral  column  is  oontinaed  to  the  point  of  one 
lobe,  as  in  a  hoterooercal  fish  ;  bat  Dr.  Fraas  sapposes  that  this  was 
not  tbe  upper  lobe  (as  in  fislies),  appearances  suggesting  rather  th>kt 
it  was  tbe  tower  lobe.  In  proportion  to  the  sise  of  the  animal  this 
fin  is  very  large,  and  Dr.  Fraas'  discovery  is  an  interesting  confirma- 


tion of  the  surmise  of  Sir  Bichard  Owen,  who,  many  years  ago, 
noticed  the  frequent  dislooaticn  of  tbe  tail  of  Jchthsoiaurm  at  a 
fixed  point,  and  could  only  explain  the  circumstance  as  due  to  the 
weight  of  a  caudal  fin  dragging  upon  this  part  of  the  body  after  death. 
As  yet  the  specimen  described  by  Dr.  Fraas  is  unique,  and  some 
points  in  his  interpretation  of  the  fosiiil  may  perhaps  admit  of  more 
than  one  view.  We  can  only  hope  that  further  evidence  will  soon 
be  forthcoming,  and  meanwhile  express  our  appreciation  of  tba 
enlhubiaBm  and  success  with  which  Dr.  Fraas  is  prosecutiug  his 
researches  among  the  Fossil  BeptUes  of  Southent  QermaDy. 
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II. — UNTKBgUCHTNGKN  UVBER  DIK  ObOAJIISATIOH  UND  ST8TKMATTSCHI 

Stbllung  dbb  Rccbptaculitidkk.  Yon  Hbbmann  Rauti. 
Abbandl.  der  k.  bayer.  Akademie  der  Wiss.  IL  cL,  XVIL  Bd, 
m.  Abth.  pp.  647-722,  Pis.  L-VU. 

Bbseabchbs  imto  the  Obganizatioh  ahd  Ststbmatio  PosmoH  or 

THE    REOKPTACULITIDiB.       By  HeBMAMM  RaUFF. 

AS  part  of  a  work  on  tbe  fossil  Sponges  of  Grermany,  Dr.  Raaff 
Las  critically  examined  tbe  PalsBozoic  fossils  included  in  the 
family  of  tbe  Receptaculitidse,  and  in  tbis  Memoir  be  bas  given  a 
more  detailed  description,  witb  fuller  illustrations  of  tbeir  structure, 
tban  bas  previously  been  attempted.  Tbe  main  cbaracters  of  these 
fossils  have  long  been  known  through  the  works  of  Billings, 
Giimbel,  and  other  writers,  but  nevertheless  some  new  and 
interesting  points,  well  deserving  of  consideration,  are  here  brought 
forward. 

It  is  well  known  to  palseontologists  that  tbe  nature  and  relation- 
ship of  Receptaculites  and  its  allied  genera  have  been  fruitful  subjects 
of  discussion,  and  that  they  have  at  different  times  been  placed  in 
various  divisions  of  the  plant  and  animal  kingdoms.  In  1884, 
Hinde  supported  the  view  that  they  were  sponges  allied  to  the 
siliceous  bexactinellidad,  on  the  ground  that  the  individual  elements 
or  spicules — Meromen,  as  they  are  styled  by  Dr.  Rauff — of  which 
their  walls  ai'e  composed,  very  strongly  resembled  in  general 
features,  the  spicules  of  recent  and  fossil  hexactinellid  sponges,  and 
that,  like  these  latter,  they  must  have  originally  been  composed  of 
silica.  In  their  present  condition  many  of  these  fossils  are  of 
granular  crystalline  calcite ;  some,  perhaps  the  majority  of  the 
specimens  known,  are  only  casts,  more  or  less  replaced  by  iron 
peroxide  or  other  substances,  others  are  now  siliceous,  but  the  silica 
in  these  is  partially  crystalline,  and  therefore  not  original,  and 
occasionally  a  rare  specimen  occurs  which  is  found  to  be  composed 
of  a  finely  fibrous  carbonate  of  lime.  In  this  latter  condition  there 
are  traces  of  concentric  layers  of  growth,  and  of  an  internal  tube  or 
canal  in  the  vertical  rays  or  pillars  of  the  spicules,  and  tbis  fibrous 
structure  was  regarded  by  Giimbel  as  tbe  original  skeleton  of  the 
organism  ;  a  view  upheld  and  defended  by  Rauff  in  this  Memoir. 
If  this  view  is  correct,  all  analogy  with  siliceous  bexactinellids  at 
once  falls  to  the  ground.  The  fibrous  calcite  in  these  particular 
specimens  was  considered  by  Hinde  to  be  merely  a  replacement 
after  silica  in  the  same  way  that  granular  calcite  very  often  replaces 
the  silica  in  other  fossil  sponges,  but  Dr.  Rauff  maintains  that  this 
is  mineralogioally  impossible;  that  no  traces  of  the  original  lines  of 
growth  could  be  preserved  in  spicules  thus  replaced ;  and  con- 
sequently that  Receptaculites  is  a  calcareous  organism. 

The  question  of  the  original  mineral  nature  of  these  fossils  is  by 
no  means  a  simple  one,  and  one  would  like  to  have  clearer  evidence 
whether  the  fibrous  carbonate  of  lime  could  possibly  have  resulted 
from  replacement,  or  whether  it  is  primarily  of  organic  origin,  as 
Dr.  Rauff,  following  Oiimbel,  asserts  it  to  be.     There  oan  be  no 
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clonlst,  that  the  original  mineral  stmotnre  of  ReceptacultU$  and  its 
allies  must  have  been  extremely  liable  to  change,  for  in  by  far  the 
greater  number  of  speoiroens,  as  already  mentioned,  it  has  either 
been  entirely  removed  or  replaced  by  granular  oalcite,  silica  or  other 
substances,  in  very  mnch  the  same  way  as  we  find  the  originally 
siliceous  skeletons  of  fossil  sponges ;  whilst  in  only  two  or  three 
specimens  is  the  skeleton  composed  of  this  peculiarly  arranged 
fibrous  oalcite,  believed  to  be  its  original  structure.  A  very  striking 
exemplification  of  the  difficulty  of  satisfactorily  determining  whether 
this  fibrous  carbonate  of  lime  is  original,  or  secondary,  is  afforded  by 
the  inability  of  Dr.  Rauff  to  make  out  whether  the  fibrous  structure 
now  occurring  in  the  axial  portion  of  the  horizontal  or  tangential 
arms  of  the  spicules  of  ReeeptaeuliteB,  represents  an  originally  solid 
portion  of  the  arm,  or  is  merely  secondary  infilling  of  a  canal  or 
cavity.  These  doubtful  structures,  spindles  as  they  are  termed, 
prove  very  durable,  and  remain  when  the  walls  bounding  them  have 
disappeared.  Dr.  Rauff  is  inclined  to  consider  the  spindles  to  have 
been  originally  solid,  but  if  one  might  judge  from  silicified  specimens 
they  are  probably  secondary  solid  infillings  of  an  original  canal  or 
cavity  in  the  arms. 

Dr.  Rauff  definitely  accepts  the  calcareous  nature  of  the  ReceptU' 
tnlitida  and  concludes,  in  spite  of  the  remarkable  general  resem- 
blance of  their  spicules  to  those  of  siliceous  hexactinelHd$,  that  they 
could  have  no  relationship  to  sponges.  At  the  same  time  he  is 
unable  to  find  in  them  any  resemblance  or  relationship  to  any  other 
group  of  fossil  or  recent  organisms,  and  can  therefore  give  no  clue 
to  their  probable  position,  although  he  thinks  that  the  question  of 
their  alliance  to  the  calcareous  Alg»,  such  as  the  Siphonea  verticil' 
lata,  put  forward  by  Stein mann,  Deecke,  and  others,  deserves  further 
consideration. 

As  regards  the  general  structure  of  Receptaculites  itself.  Dr.  Rauff 
adopts  Billings*  view  that  they  were,  when  perfect,  conical  or  sub- 
spherical  in  form  like  lachaditea,  and  consequently  that  the  cup  or 
platter-shaped  examples,  which  are  the  only  ones  known  up  to  the 
present,  are  incomplete.  Theoretically  there  is  much  to  favour  this 
view,  more  particularly  as  in  no  specimen  yet  discovered  are  the 
margins  of  the  open  cups  perfect,  but  on  the  other  hand  it  is  very 
-peculiar  that  the  supposed  upper  parts  of  the  specimens  should  not 
have  been  met  with  ere  now,  considering  that  the  basal  cups  are 
in  some  beds  numerous  and  fairly  well  preserved.  Similarly  the 
author  regards  the  cup-shaped  forms  from  the  Bohemian  Silurian, 
placed  by  Hinde  under  Acanthoehonia  as  merely  incomplete  specimens 
of  Inchaditen.  A  significant  indication  that  open  cup-shaped  speci- 
mens of  Receptaculites,  rather  than  the  assumed  conical  forms,  were 
present  on  the  sea-bottom  is  shown  by  the  fact  that  in  an  example 
fi<^ured  by  the  author  (pi.  iii.  fig.  8)  a  Stromatopora  has  established 
itself  on  the  inner  or  upper  surface  of  the  wall  which  must  con- 
sequently have  been  open  and  uncovered  at  the  time. 

In  well-preserved  specimens  of  Receptacfdites  Neptunt,  the  inner 
ends  or  feet  of  the  vertical,  rays  or  pillars  are  inflated,  so  that  they 
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come  in  contact  with  each  other,  and  fonn  an  inner  or  npper  wall  to 
the  cop.  In  fi.  oecidentalts,  from  Canada,  this  inner  wall  has  been 
jhown  by  Billings  and  Hinde  to  be  regularly  perforated  by  canals 
which  commanicated  with  the  spaces  between  the  pillars ;  bat  Dr. 
Kaiiff  asserts,  without  having  seen  the  Canadian  specimens,  that  the 
perforations  are  only  secondary,  and  not  original ;  and  that  the  inner 
wall  is  not  penetrated  by  canals.  But  as  far  as  can  be  judged  from 
the  author's  figures  of  the  inner  wall  of  B.  orbia  (pi.  iii.  figs.  10, 
10a ;  figs.  3,  4,  p.  675),  similar  perforations  are  presented  in  it  as  in 
the  Canadian  species,  and  in  this  latter  they  are  too  distinct  and 
regular  to  be  explained  away  as  produced  by  fossilization. 

The  author  shows  that  the  meridional  arms  of  the  spicules  in 
Beceptaculites,  and  {lossibly  throughout  the  group,  follow  a  very 
regular  arrangement,  whereby  the  arm  directed  to  the  nucleus  or 
commencement  of  growth  (proximal,  Hinde ;  distal,  Rauff )  is  tilted 
obliquely  towards  the  outer  surface,  whilst  the  opposite  arm  points 
obliquely  towards  the  interior  of  the  organism. 

Dr.  Rauff  considers  that  when  complete  the  summit  or  npper  end 
of  Ischaditea  was  completely  closed,  in  spite  of  the  fact  that  in  all 
the  specimens  yet  known  in  which  the  upper  portion  is  preserved, 
there  is  a  small  aperture  which  communicates  with  the  inner  cavity. 
This  apertural  fact  is  attributed  to  subsequent  injury  in  fossilization, 
or  to  artificial  enlargement,  by  those  who  have  studied  and  figured 
the  specimens  ;  but  it  may  be  noted  that  the  existence  of  this 
summit  aperture  seems  never  to  liave  been  questioned  previously. 
In  another  point  the  author  differs  from  previous  observers  who 
have  shown  that  the  pillars  or  vertical  rays  in  good  specimens  of 
Ischadites  Koenujtt  gradually  taper  to  a  point,  and  do  not  form  an 
inner  wall ;  but  as  a  fragment  of  a  poorly  preserved  drift-specimen 
shows  trumpet-shaped  inflations,  the  author  concludes  that  these 
were  the  original  terminations  in  this  species,  and  explains  the 
spicules  with  pointed  ends  as  arising  from  subsequent  alteration ; 
but  this  explanation  will  certainly  not  account  tor  the  tapering 
spicnlar  rays  in  some  of  the  Gotland  examples  of  T.  Kceniffii,  which 
show  every  indication  of  being  complete. 

Dr.  Rauff  refers  to  Leptopoterion,  Ulrich,  as  a  new  genus  of  this 
family,  characterized  by  the  nearly  uniform  diminutive  size  of  the 
summit  plates  of  the  spicules.  The  form  has  not  yet  been  figured, 
and  the  only  species  has  been  described  as  a  sponge. 

In  a  promised  future  Supplement  the  author  intends  to  describe 
the  various  species,  and  it  is  then  to  be  hoped  that  he  will  be  able 
to  definitely  settle  some  of  the  doubtful  structural  points,  and  at 
the  same  time  bring  forward  some  positive  conclusions  as  to  the 
systematic  position  of  this  peculiar  family. 

Some  fresh  information  respecting  the  structure  of  Sphcerogpangia 
tesBellata,  Phill.  sp.,  based  on  specimens  from  the  Devonian  rocks  on 
the  shores  of  Lake  Manitoba,  is  given  in  a  recently  issued  part  of 
vol.  i.  Contributions  to  Canadian  Palseontology,  p.  259,  pi.  xxxiii. 
The  summit  in  this  species  is  stated  to  be  formed  by  the  convergence 
of  the  prolonged  distal  rays  of  the  upper  spicules  in  each  longir 
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indinal  row,  and  there  are  no  indtoations  that  the  hexagonal  plates 
of  the  rest  of  the  surfaoe  readied  over  the  apical  portion.  If  this 
determination  is  oorreot,  there  would  be  free  oommunioation  with 
the  exterior  at  the  sammit  of  the  organism. 


III. — FiKLD  Notes  from  the  Shan  Hills  (Uppkb  Burma).  By 
Fritz  Noktling,  Ph.D.  Record  Geol.  Surv.  India,  vol.  xxiii. 
part  ii.  pp.  78,  79.    Calcutta,  May,  1890. 

THIS  records  the  interesting  occurrence  of  Limestones  curiously 
resembling  the  Eehino9phariten-kalk  of  the  Baltic  provinces 
and  Sweden.  The  fossils  collected  are  fragments  of  an  Orthoceras, 
belonging  to  the  group  of  the  Begulares ;  Crinoid  stems  of  two 
different  types;  and  an  Eehinosphara  of  very  large  size.  The 
latter  is  said  by  the  author  to  be  a  new  species,  and  is  named  by 
him  E.  Kingi ;  sinoe,  however,  no  diagnosis,  or  even  description,  is 
given,  we  are  unable  to  accept  this  species,  and  we  trust  that  the 
learned  Director  of  the  Indian  Survey  will  not  in  future  permit  his 
name  to  be  thus  taken  in  vain.  If  this  Echinoaphara  is  really  a  new 
species,  we  fail  to  see  how  it  bears  out  the  author's  contention  that 
the  red  limestone  of  Upper  Burmah  is  on  "  the  exact  horizon  **  of 
the  Baltic  Echinoaphariten-kalk,  and  that  an  arm  of  the  sea  in  which 
tliat  was  deposited  must  have  stretched  right  down  to  south-eastern 
Asia.  The  genus  Eehinosphara  is,  for  the  rest,  by  no  means  confined 
to  a  single  horizon  in  the  Ordovician.  F.  A.  B. 


The  Chafelhall  "Shell-Bed,''  near  Airdrie.^     By  Duoald 

Bell,  F.G.S. 

THE  Chapelhall  Shell-bed,  near  Airdrie,  had  often  been  adduced 
as  proving  a  submergence  of  at  least  526  feet.  Mr.  Bell 
reminded  the  members  of  what  he  had  shown  on  a  previous 
occasion — that  the  "shelly  gravel"  on  Moel  Tryfaen  in  Wales 
could  not  be  accepted  as  a  proof  of  submergence,  there  being 
every  evidence  that  it  is  not  really  in  place,  or  as  laid  down 
by  the  sea.  There  was  a  great  difference  between  a  submergence 
of  1360  feet  and  one  of  526  feet,  and  we  might  more  readily 
believe  in  the  latter  than  in  the  former  ;  but  he  thought  the 
more  it  was  considered  the  more  doubtful  and  inconclusive  did  even 
the  smaller  submergence,  as  depending  on  this  Chapelhall  instance, 
appear.  He  described  the  locality,  and  pointed  out  how  little  was 
really  known  of  the  "deposit"  in  question.  It  was  reported  by 
Mr.  James  Bussell,  a  mining  engineer  then  living  in  the  locality,  as 
having  been  found  while  digging  a  well  near  the  summit  of  one  of 
the  high  ridges  of  Boulder-clay  that  abound  in  the  neighbourhood. 
It  was  described  by  him  as  a  bed  of  "  reddish  brick  clay  "  containing 
marine  shells,  intercalated  in  the  "  tile  "  or  Boulder-clay,  which  had 
a  great  thickness  both  above  and  below  it 

^  Iteport  of  a  pape^read  before  the  Geological  Society  of  Glasgow. 
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Mr.  Smith  of  Jordanhill,  who  recorded  the  disoovery  in  a  ptper 
read  to  the  Greological  Society  in  1850,  visited  the  locality,  bat  does 
not  appear  to  have  seen  the  brick  or  shelly  clay— only  the  "  saperin* 
cumbent  matter  which  was  left  lying  at  the  month  of  the  well/'  and 
which  he  pronounced  to  be  "trne  TilL'*  He  got  some  shells,  how- 
ever, from  Mr.  Bussell,  which  seems  to  have  been  all  of  one  speciee, 
Tellina  calearea.  From  that  day  to  thiii,  though  the  place  had  been 
visited  by  many  geologists,  yet,  the  well  being  built  up,  no  one  is 
known  to  have  seen  or  examined  this  "shelly  deposit."  Mr.  Russell 
stated  that  it  was  about  two  feet  deep  in  the  thickest  part,  bat 
"  thinned  away  rapidly  on  every  side."  so  as  to  allow  the  Upper 
and  Lower  Till  to  come  together.  This  had  been  confirmed  by  a 
new  well  having  been  sunk  within  a  few  yards  of  the  old  one 
without  finding  any  trace  of  the  "  shell-bed."  In  short,  it  seemed 
to  be  quite  a  limited  strip  or  patch  of  shelly  clay,  imbedded  in  the 
Till  or  Boulder-clay.  And  this  appeared  to  be  a  very  narrow 
foundation  for  all  that  had  been  built  upon  the  section,  namely, 
a  period  of  severe  Arctic  conditions  and  massive  land-ice;  then  a 
milder  period  of  deep  submergence ;  then  a  re-elevation  of  the  land, 
and  Arctic  conditions  and  massive  land-ice  once  more. 

Mr.  Bell  commented  on  the  many  improbabilities  involved  in  this 
intervening  "deep  submergence,"  whether  regarded  as  due  to  an 
actual  subsidence  and  re-elevation  of  the  crust  of  the  earth,  or  to  the 
mass  and  attraction  of  the  ice  raising  the  general  level  of  the  sea  in 
the  Northern  hemisphere.  The  latter  was  by  far  the  more  probable 
hypothesis,  but  neither  by  calculation  nor  by  comparison  with  the 
facts  presented  in  Norway  and  North  America  did  it  warrant  us  in 
assuming  a  submergence  in  this  country  of  anything  like  526  feet. 
There  was  absolutely  no  corroborative  evidence  for  such  a  sub- 
mergence, but  much  that  led  directly  against  it.  No  shells  had 
been  found  at  a  similar  level  in  other  parts  of  the  Midland  Valley, 
nor  in  the  numerous  side  valleys,  where  they  would  be  more  likely 
to  be  preserved  than  on  this  exposed  knoll  in  the  centre.  None 
have  been  found  in  the  Upper  Boulder-clay,  which,  if  all  this  valley 
had  been  a  sea-bottom  before  the  "  second  glaciation,"  should  contain 
abundance  of  at  least  shelly  fragments.  Further,  this  shelly  clay 
was  said  to  have  been  deposited  during  a  "  mild  inter-Glacial 
period,"  which  would  most  probably  accompany  such  a  submergence; 
but  the  only  species  of  shells  found  in  it  indicated  not  mild,  but 
extremely  cold  conditions,  this  Tellina  being  a  characteristic  Arctic 
species  not  now  found  living  in  the  British  seas.  In  short,  he 
thought  the  evidence  was  very  strong  that  this  limited  and  local 
shelly  clay  at  Chapelhall,  taking  all  we  know  of  it,  was  not  in  any 
true  sense  a  marine  bed.  The  alternative  suggestion  was  that  "The 
layer  containing  these  shells  may  have  been  transported  (most 
likely  in  a  frozen  condition)  by  the  ice-sheet,  as  in  many  other 
instances  to  which  he  referred.  This  appeared  to  be  by  far  the 
most  probable  account  of  it ;  its  position  in  the  track  of  the  old 
ice-sheet,  and  in  front  of  an  obstruction  presented  by  the  highest 
rising  .ground  in  the  district,  the  nature  of  the  organianpia,  and  the 
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very  colour  of  the  olay  (as  reported)  being  different  from  the  clays 
of  the  immediate  neighbourhood ;   all  pointed  to  this  oonolusion. 
He  therefore  urged  that  this  Ghapelhall  olay  should  no  longer  be 
cited  as  a  proof  of  snbmergenoe. 
An  interesting  discussion  followed. 


THEORY   FOE    "CLEAT"    IN    COAL-SEAMS. 

Sib, — ^It  must  surely  be  admitted  by  students  of  the  Coal-measures 
in  every  country,  where  coal-mining  is  carried  on  to  any  extent, 
that  coal-seams  are  the  most  persistent  in  extent  of  area,  most 
uniform  in  composition  and  in  homogenity  of  any  strata  of  the 
series ;  and  therfore  may  justly  be  considered  the  typical  beds  of  it 
The  master-joints  or  "cleat"  of  coal  are  much  more  regular  than 
those  of  any  other  strata ;  and  I  think  Coal-beds  were  much  more 
likely  to  shrink  and  crack  evenly  than  the  less  persistent  and  ever- 
varying  associated  shales,  clays,  and  sandstones.  The  least-disturbed 
Coal-areas  exhibit  the  best-developed  or  most  regular  and  typical 
"cleat"  Thus,  if  "cleat"  was  formed  or  produced  by  shrinkage 
of  the  mass  in  cooling,  due  to  elevation  following  deep  subsidence 
(which  I  think  is  the  generally  accepted  opinion  as  to  what  caused 
"  cleat ")  ;  why,  it  may,  and  has  often  been  asked,  does  the  "  cleat " 
(the  direction  of  the  main  joints)  usually  run  roughly  N.N.W.  and 
S.S.E.,  this  being  the  general  trend,  not  only  in  England  but  in  the 
United  States,  and  probably  in  many  other  countries?  I  have  not 
come  across  any  good  reason  in  explanation  of  this  fact,  but  reflecting 
on  the  point  it  occurred  to  me  that  possibly  the  following  theory 
might  account  for  it 

As  the  Coal-measures  were  upheaved  or  elevated  at  the  end  of  the 
Coal  period,  the  rocks  would  cool  and  consequently  contract  to  some 
extent,  and  in  contracting  would  crack,  and  thus  the  joints  would  be 
■formed;  but  the  cause  of  the  joints  taking  lines  roughly  parallel 
with  the  earth's  axis,  or  closely  corresponding  with  polarity  or 
longitude,  I  venture  to  think  may  have  been  due  to  the  increased 
rotary  velocity  or  greater  centrifugal  force  acting  upon  the  coal- 
seams  as  elevation  proceeded — as  they  got  further  and  further  away 
from  the  earth's  centre  and  so  became  more  liable  to  open,  split, 
and  expand :  in  other  words,  the  tensional  strength  of  the  coal  gave 
way  along  approximate  N.  and  8.  lines  due  to  increased  velocity  of 
travel  as  a  consequence  of  elevation  and  cooling. 

Mathematicians  and  physical  scientists  may  possibly  demonstrate 
my  theory  to  be  contrary  to  the  laws  of  natural  science.  If  they 
do,  we  must  then  look  for  some  other  explanation  of  the  phenomenon 
of  "cleat."  At  any  rate  it  is  hoped  that  this  communication  will 
be  accepted  or  rejected  on  its  merits  or  demerits,  and  that  it  will  call 
up  some  criticism. 

W.  S.  Gbeslky,  F.Q.S. 

EaiB,  Pa.,  I7.S.A.,  lUh  Aug.,  1892. 
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A  BED  OP  PEAT  IN  LONDON  CLAY? 

Sir, — I  observe  in  the  July  Number  of  the  "Journal  of  the 
Society  of  Industrial  Chemistry  "  a  notice  of  a  short  paper  in  wbidi 
the  use  of  the  term  '*  London  Clay  '*  is  erroneous,  or  at  least  appears 
80  to  me.  The  writers  mention  and  describe  a  bed  of  peat  at  the 
works  of  the  New  Thames  Tunnel  **  underlying  the  London  Clay." 
As  the  bed  in  question  is  only  12  feet  below  the  surface  this  is 
scarcely  possible  unless  there  is  some  misprint  The  peat  is  "  com- 
posed chiefly  of  branches  and  trunks  of  trees,  twigs,  etc  It  is 
about  two  feet  thick." 

It  seems  to  me  that  the  writers  are  referring  to  one  of  the  ex- 
posures of  the  buried  forest  or  peat  bed  so  common  around  the 
southern  coast  of  England.  The  error,  if  such  it  is,  would  be  of 
slight  importance  were  it  not  for  the  concluding  sentence,  "  it  has 
geological  interest  as  showing  that  at  a  period  anterior  to  the  forma- 
tion of  the  London  Clay  an  abundant  growth  of  trees  and  shrubs 
extended  from  some  distance  inland  right  down  to  the  water's  edge 
in  this  locality." 

It  seems  from  this  that  the  writers  have  also  mistaken  some  recent 
and  local  stratum  for  the  "  London  Clay "  of  geology.  Perhaps 
some  one  nearer  to  the  spot  than  I  am  can  correct  the  error  if  there 
is  one.  E.  W.  Claypolb,  D.Sc.,  B.A.  (Lond.) 

BucHTEL  Coll.,  Akbon,  Ohio. 

Note  by  Mb.  F.  C.  J.  Spubrkll,  F.G.S. 

Sib, — T  have  read  Mr.  Clay  pole's  letter.  His  sunnise  that  the  bed 
of  peat  12  feet  below  the  surface  at  the  spot  described  is  part  of  the 
recent  forest-beds  of  the  South  of  England  is  correct.  It  is  above 
and  in  no  way  connected  with  the  London  Clay.  This  term,  applied 
to  the  alluvial  blue  clays  of  the  Thames,  was  in  use  in  Brunei's  days, 
and  I  should  think  the  author  of  the  paper  referred  to  had  been 
reading  up  some  old  accounts  of  embanking,  etc.,  of  the  last  century, 
when  the  blue  clay,  wherever  found,  was  supposed  to  be  the  same  as 
the  mass  underlying  London.  F.  C.  J.  S. 

Belybdbils,  Kent,  2Uh  Sept.,  1892. 


THE    PHOSPHATIC    CHALK    AT    TAPLOW. 

Sib, — Since,  so  far  as  I  am  aware,  none  but  microscopio  fish 
remains  have  been  recorded  from  the  Taplow  phosphatio  chalk,  it 
may  b^  of  interest  to  mention  that,  on  July  8th  last,  I  found  in  the 
8  ft.  bed  at  Taplow  Court  Lodge,  described  by  Mr.  Strahan  (Quart, 
Journ.  Geol.  Soc,  1891,  p.  356),  the  detached  crown  of  a  shark's 
tooth  finch  long.  Although  this  is  insuflScient  for  accurate  deter- 
mination, Mr.  A.  Smith  Woodward  informs  me  that  it  most  nearly 
resembles  the  form  of  tooth  described  by  Agassiz  as  Odontaspit 
aubulataf  but  is  rather  large  for  that  species. 

Bebmabd  Hobson. 

Gbolooical  Department,  Owen's  College,  Manchesteb. 
September  13M,  1892. 
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ON  THE  GENUS   TREMATONOTUS. 

SiK, — ^During  the  preparation  of  my  paper  on  TremaUmotu»,  pub- 
lished in  the  Geological  Maoazimb  for  August,  I  much  regret 
having  overlooked  a  valuable  monograph  by  Professor  Lindstrom, 
**  On  the  Silurian  Gastropoda  and  Pteropoda  of  Gotland  "  (£  Svenska 
VeL'Akad.  Handl.  1884),  containing  descriptions  and  figures  of  two 
new  species  of  this  genus,  viz. :  T.  longitudinaliB  and  T.  eompressua. 
The  former  of  these  shells,  to  which  my  remarks  will  now  apply, 
was  stated  by  its  author  to  resemble  so  closely  Belter ophon  dilatatae 
of  James  de  Carle  Sowerby  that  he  would  have  identified  it  as  such, 
but  for  the  absence  of  any  mention  of  dorsal  perforations  either  in 
the  original  description  or  in  McCoy's  later  account  of  the  same 
species  (Pal.  Foss.  1852,  p.  309). 

It  was  reserved  for  the  Reviewer  of  Professor  Lindstrom's  work 
(Dr.  G.  J.  Hinde)  to  point  out  that  **  T.  langitudinaliB  is  identical 
with  Bellerophon  dilatatus ;  as  the  type  specimen  of  this  form  shows 
distinct  traces  of  the  characteristic  apertures  on  the  dorsal  keel" 
(Gbol.  Mao.  1885,  p.  39). 

An  examination  of  the  Sowerby  type  did  not  convince  me  that 
this  evidence  was  complete ;  but  Dr.  Hinde  has  recently  shown  me 
another  specimen  of  B,  dilatatus  in  a  better  state  of  preservation, 
belonging  to  the  Jermyn  Street  Museum  (No.  vii.  ^V)  which  pos- 
sesses unmistakably  the  elongate  perforations,  so  that  all  doubts,  in 
my  mind,  are  now  removed  as  to  the  true  nature  of  this  classical 
species. 

With  regard  to  my  T,  Britannicus,  although  more  ovate  in  contour 
Mid  very  deficient  in  its  umbilical  characters,  through  pressure,  yet 
its  ornamentation  and  perforations  are  so  like  the  Swedish  specimen 
that  they  may  be  looked  upon  as  practically  the  same  species.  The 
effect  of  this  will  be  that  T.  Britannicus,  like  T.  longitudinalis,  will 
fall  into  synonomy  under  the  older  name  of  T.  dilatatus. 

In  conclusion,  I  wish  to  record  my  indebtedness  to  Dr.  Hinde  for 
assisting  me  in  this  determination,  and  to  assure  Prof.  Lindstrom 
how  sorry  I  am  that  his  monograph  escaped  my  attention. 

Nat.  Hist.  Mcbbum,  B.  Bullen  Newton. 

October  12M,  1892. 


ON  THE  FLEXIBILITY  OF  ROCKS. 

Sib, — ^With  regard  to  the  localities  in  Durham  at  which  Flexible 
Limestone  occurs.  I  find  that  Prof.  G.  A.  Lebour  refers  to  several 
in  his  '*  Outlines  of  the  Geology  of  Northumberland  and  Durham." 
At  the  time  of  writing  the  description  of  this  rock  published  in  the 
March  Number  of  the  Geol.  Mao.  (1892),  I  had  no  opportunity  of 
referring  to  this  work.  Prof.  Lebour  kindly  informs  me  that  the 
variety  from  Marsden  loses  its  flexibility  after  being  kept  in  a  dry 
place  for  some  time.  My  specimens  from  Sunderland  do  not  appear 
to  have  undergone  any  loss  of  flexibility  as  yet 

BOTAL    COLLBOE  OP   SciKNCB,  GeOROB  W.  CaBD,  A.B.S.M. 

October  9rd,  1892. 


5B6  Carrey^andence — Mr.  J.  O.  Ooodchild. 

THE    CONISTON    LIMESTONE    SERIES. 

Sir, — ^The  Geologists  ABsociation  visited  the  exposures  of  the 
volcanic  rocks  on  the  flanks  of  Roman  Fell  nnder  my  guidance,  on 
the  occasion  of  the  Long  Excursion  to  Cumherland  in  1889,  when 
they  had  an  opportunity  of  examining  the  sections  which  it  was  tlie 
chief  object  of  my  paper  on  the  Ooniston  Limestone  series  to  describe. 
Other  field  geologists  have  at  different  times  examined  the  same 
facts  with  me.  The  sections  are  not  very  easily  found,  and  the 
relation  of  the  various  rocks  to  each  other  is  certainly  not  very  clear 
at  first  sight.  But  after  repeated  examinations  of  the  Ordovician 
rooks  of  the  whole  of  the  area  enclosed  by  the  Pennine  Faults  it 
becomes  evident  that  there  are  three  well-marked  horizons  on  which 
volcanic  rocks  occur.  The  highest  of  these  is  intimately  associated 
with  the  base  of  the  Ooniston  Limestone.  The  lowest  consists  of 
a  series  of  tuffs  of  subaqueous  origin,  which  are  clearly  interstratified 
with  argillites  resembling  the  Skiddaw  Slates.  These  are  the  rocks 
of  the  Milburn  Series,  and  are  the  submarine  equivalents  of  the 
lower  half  of  the  Borrowdale  volcanic  series.  The  third  includes 
the  very  peculiar  set  of  volcanic  rocks  which  I  have  described  as 
the  Helton  Moor  volcanic  series.  These  are  quite  different  in  litho- 
logical  character  from  either  of  the  other  two,  and  as  they  cannot  be 
newer  than  the  first,  nor  older  than  the  second,  they  must  be  of  age 
intermediate  between  the  two.  All  three  types  occur  side  by  side 
on  Helton  Moor,  as  I  have  pointed  out  already  on  several  occasions. 
It  is  in  association  with  these  that  the  shales  of  Lycum  Sike  occur. 
We  have  the  best  possible  authority  for  the  occurrence  in  these  beds 
of  Lycum  Sike  of  Trematis  corona,  which  occur  also  in  the  shales 
belonging  to  the  Ooniston  Limestone  Series.  Trematia  corona  is 
here,  therefore,  not  available  as  a  characteristic  fossil,  for  the  beds 
of  Lycum  Sike  are  separated  by  a  considerable,  if  unknown,  thick- 
ness of  other  rocks  from  the  true  Ooniston  Limestone  Series  ^  This 
latter  overlies  the  rocks  of  Dufton  and  Knock  Pikes,  while  the  beds 
of  Lycum  Sike  lie  at  an  unknown  distance  below. 

Much  more  is  involved  in  this  question  than  a  mere  error  of 
delineation,  which  no  one  who  has  attempted  to  map  the  complicated 
area  in  question  could  well  avoid,  here  or  there. 

Unless  I  am  very  greatly  mistaken  it  is  the  middle  and  the  upper 
group  of  these  volcanic  rocks  which  occur  at  the  northern  end  of  the 
exposure  near  Melmerby,  and  it  is  the  same  two  groups  which  form 
the  volcanic  groups  on  the  north-east  side  of  the  Lake  District.  And, 
furthermore,  I  strongly  suspect  that  there  is  a  considerable  uncon- 
formity between  the  two  higher,  or  Bala,  volcanic  groups,  and  the 
Arenig  and  older  rocks  upon  which  they  lie  in  Oumberland. 

I  have  little  doubt  that  the  Ordovician  tuffs  of  the  Craven  area 
also  correspond  to  those  of  Helton  Moor  and  Dufton ;  but  whether 
the  Ingleton  Green  Slate  series  lies  unconformably  below  these,  or 

*  I  regret  very  much  that  I  did  not  write  to  Prof.  Lapworth  regarding  what  I 
understood  him  to  say  about  the  two  horizons  of  Tretnatin  corona  at  Girvan.  I  did 
not  like  to  trouble  an  exceptionally  busy  man  upon  a  matter  that  I  thought  he  had 
Already  stated  quite  clearly.    The  enot  \&  mme. 
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'whether  it  represents  the  materials  of  the  Milbum  series  mingled 
with  detrital  matter  from  the  seaward  margin  of  the  Borrowdale 
-volcanoes  will  probably  long  remain  a  matter  of  opinion. 

In  conclusion  I  may  state  that  I  should  be  glad  to  conduct  a 
party  of  field  geologists  over  the  areas  here  referred  to  if  the  excur- 
sion can  be  arranged  for  the  summer  months.  If  Mr.  Marr  should 
care  to  be  of  the  party,  so  much  the  better. 

JSDnfBUROH  Museum  op  Scibmob  and  Art,  J.  6.  GoODOHlLD. 

lOM  Oeioberj  1»92. 


SHAPES  OP   SAND   GRAINS. 

Sir, — It  is  interesting  to  find  that  my  friend  Mr.  Beade  admits 
the  rounded  sands  in  the  Glacial  deposits  at  Moel-y-Tryfaen  **  may 
be  treated  as  erratics." 

This  view  has  been  held  by  many  glaoialists  of  the  anti-submergence 
school  for  years.  In  a  paper  read  before  the  Liverpool  Geological 
Society  in  December  last,  I  stated  that  under  the  microscope  the 
glacial  sands  found  under  the  clififs  bounding  the  Mersey  were 
almost  undistinguishable  from  those  on  the  shore. 

But  this  fact  gives  no  support  to  the  belief  that  marine  conditions' 
obtained  during  the  deposition  of  those  sands.  It  does  not  follow 
that  the  sands  have  been  rounded  by  marine  action  at  all. 

It  is  particularly  unfortunate  that  Mr.  Beade  should  have  cited 
the  sands  *' which  he  has  been  living  on  and  working  in  as  an 
engineer  for  the  last  twenty -five  years  "  as  examples  of  sea- worn 
grains. 

Not  only  is  the  shore  skirted  by  sand  dunes  whose  bases  are 
washed  by  the  tide,  but  the  grains  themselves  have  most  probably 
been  derived  from  the  Triassio  and  Permian  rocks  which  form  the 
solid  geology  of  the  district 

The  remarkable  roundness  of  grain  which  characterizes  many> 
beds  in  these  formations  is  well  known. 

Not  less  striking  than  the  roundness  is  the  uniformity  in  size  of 
the  grains  in  some  beds.  Some  agent  has  been  at  work  which  is 
capable  of  sifting. 

Through  the  kindness  of  various  friends  I  have  received  specimens 
of  sands  from  many  parts  of  the  Desert  of  Sahara.  In  one  case  I 
had  examples  from  different  depths  at  the  same  place.  The  under- 
lying grains  are  small  in  size,  fairly  angular,  and  contain  a  large 
proportion  of  ferruginous  grains.  The  upper  layer  is  composed  of 
larger  grains,  extremely  well  rounded  and  very  uniform  in  size. 
In  wind-borne  material  we  should  expect  a  sifting  due  to  the  varying 
resistances  offered  to  the  wind  by  the  sand  particles. 

"  Desert  sands,"  according  to  Mr.  Beade,  *'  are  of  course  out  of 

the   question   in   glacial  geology ; "  but  in  the  present  case  it  is 

possible  that  **  desert  sands  "  of  a  former  period  may  not  be  "  out  of 

the  question  "  and  the  roundness  of  grain  may  have  little  importance 

in  Glacial  Geology.  J,  Lomas. 

Unitersitt  Collbob,  Litbilpool, 
October  Uth,  1892. 
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The  Diyining  Rod  Aoaik. 

Every  now  and  again  public  attention  is  drawn  to  remarkable 
di(KX)verie8  of  water,  obtained  professedly  through  the  mediam  of 
the  Divining  Hod.  We  have  on  former  occasions  referred  to  the 
use  of  this  rod  in  the  search  for  minerals  as  well  as  water,  and 
attention  was  lately  drawn  to  the  subject  in  **  Natural  Science  "  for 
June,  p.  253.  More  recently  there  was  an  announcement  in  the 
"  Morning  Post,"  of  an  astonishing  discovery  of  water  at  Fishborae 
and  Wootton,  in  the  Isle  of  Wight,  "  by  the  successful  use  of  the 
Divining  Bod."  Referring  to  this  matter  in  the  "Isle  of  Wight 
County  Press "  for  September  24tb,  Mr.  G.  W.  Colenutt  remarks 
that  previous  attempts  had  been  made  to  get  water  by  sinking  wells 
in  the  impervious  clays  of  the  Osborne  Beds ;  the  *  Diviner '  went  to 
the  top  of  the  hill  where  there  is  a  capping  of  plateau  gravel  some 
twenty  feet  in  thickness.  This  gravel  forms  a  first-rate  reservoir 
for  the  surface  soakage,  which  is  partly  upheld  by  the  Osborne  and 
Bembridge  clays,  and  partly  thrown  off  in  the  form  of  springs.  The 
'Diviner'  advised  digging  in  the  land  of  springs  and — water  was 
found  I  Mr.  Colenutt  observes  that  the  usual  dramatic  incidents 
took  place ;  but  Geology  cannot  offer  any  explanation  of  the  grand 
finale  of  the  workmen  '*  rushing  out  of  the  well  in  order  to  avoid 
the  water." 

A  New  Geoloqtoal  Map  of  Scotland,  by  Sir  Archibald  Geikie, 
D.Sc,  LL.D.,  F.R.S.,  etc.,  has  just  been  published  by  John 
Bartholomew  &  Co.  The  scale  is  ten  miles  to  an  inch,  and  the 
topography  is  based  on  the  latest  Ordnance  Survey.  The  geology, 
embodying  the  latest  work  on  the  Geological  Survey,  summarizes 
our  knowledge  up  to  date;  so  that  the  map,  together  with  the 
concise  Descriptive  Memoir  that  accompanies  it,  furnish  us  with  an 
excellent  index  to  Scottish  geology.  The  colours  are  very  clear, 
and  they  show  many  divisions  in  the  old  Highland  Schists  (termed 
Dalradian),  as  well  as  the  Lewisian  Gneiss,  Serpentine,  etc. 
Cambrian,  Silurian,  and  succeeding  formations  are  duly  repre- 
sented, as  well  as  many  varieties  of  Igneous  rocks.  A  number  of 
longitudinal  sections  illustrate  the  structure  of  the  country.  It 
should  also  be  mentioned  that  parts  of  the  N.E.  of  Ireland,  and  the 
adjoining  tracts  of  Cumberland  and  Northumberland  are  likewise 
coloured  geologically.  The  price  of  the  map,  folded  in  cloth  case 
is  only  6s. 

Exploration  in  British  East  Africa. — Mr.  John  Waltkb 
Gregory,  B.Sc,  F.G.S.,  one  of  the  Assistants  in  the  Geological  Depart- 
ment of  the  British.  Museum  (Natural  History),  Cromwell  Road,  has 
obtained  permission  to  accompany,  as  Naturalist,  the  expedition  led  by 
Lieutenant  C.  H.  Villicrs  (Roval  Horse  Guards)  to  Lake  Rudolph,  East 
Africa.  The  route  taken  will  be  from  Kismahu,  at  the  mouth  of  the 
Juba  River,  to  Barderah,  thence  to  Lake  Rudolph,  the  shores  of  which 
will  be  explored,  and  the  party  will  return  across  Somali-land  to  Berbers, 
op(X)site  Aden.  The  country  is  new,  and  valuable  results  are  sure  to 
reward  so  able  a  Naturalist  as  Mr.  Gregory. 
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I. — Description  of  the  Cbetaceous  Saw-Fish 

SCLBRORHYNCHUS  ATAVUS. 

By  Arthur  Smith  "Woodward,  F.L.S.,  F.G.S. 

IN  the  "Catalogue  of  Fossil  Fishes  in  the  Briti^  Museum" 
(pt.  i.  1889,  p.  76,  pi.  iii.  fig.  1),  the  imperfect  rostrum  of  & 
Selachian  fish  from  the  Upper  Cretaceous  of  Mount  Lehanon  was 
described  under  the  new  generic  and  specific  name  of  Sclerorhynchit 
atavui.  Presenting  some  resemblances  to  the  rostrum  both  of  the 
typical  saw^fish  (Pristis)  and  of  Pristiophorus,  hesitation  was  ex- 
pressed in  determining  the  systematic  position  of  the  genus  to  which 
the  fossil  pertained  ;  but  from  the  apparently  complex  nature  of  the 
rostral  cartilages  and  the  absence  of  extended  prepalatines,  it  was 
deemed  advisable  to  place  the  fish  provisionally  in  the  family  of 
PristidaB.  A  further  description  of  the  extremity  of  the  rostrum  in 
1889,*  though  pointing  to  no  definite  conclusion,  also  appeared  to 
favour  the  same  view ;  and  the  unexpected  discovery  of  another 
piece  of  rostrum  among  the  Teleostean  fishes  in  the  British  Museum 
at  the  same  time  led  the  writer  to  hope  that  the  trunk  of  Sclero- 
rhynchus  might  soon  be  identified.  A  careful  study  of  the  new 
specimen  in  the  light  of  other  Lebanon  fossils  in  the  British  Museum, 
has  at  last  realized  this  hope,  and  the  affinities  of  Sclerorhynchus 
atavua  may  now  be  discussed  on  the  basis  of  a  tolerably  complete 
skeleton. 

As  some  of  the  principal  specimens  under  discussion  have  already 
been  described  and  figured,  it  will  suffice  on  the  present  occasion 
merely  to  publish  the  accompanying  restored  outline  of  the  fish 
(see  p.  531).  The  trunk  proves  to  be  that  already  described  under 
the  name  of  Sqiiatina  crassidena ; '  and  the  discrepancies  in  the 
dentition  and  branchial  apparatus  between  this  fish  and  the  typical 
Squntina,  noted  in  the  original  description  are  thus  explained.  The 
absence  of  all  indications  of  the  freely  ascending  portions  of  the 
pectoral  arch  is  also  noteworthy  in  this  connection;  though  the  arch 
is  not  well  shown  under  any  circumstances. 

Enuhebation  of  Specimens. 

Before,  however,  dealing  with  the  skeletal  characters  of  Sclero- 
rhynchus,  it  is  necessary  to  state  precisely  the  nature  of  the  evidence 

*  Proc.  Zool.  Soc.  1889.  pp.  449-451,  woodcut. 

>  Catal.  F088.  Fishes,  B.M.,  pt.  i.  1889,  p.  69,  pi.  ii. 
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by  which  the  rostrum  and  tmok  are  proved  to  pertain  to  one  and 
the  same  fish.  The  specimens  are  three  in  number,  all  in  the  British 
Museum,  and  may  be  enumerated  as  follows  : — 

(1)  No.  53663.  A  much  crushed  rostrum,  showing  part  of  the 
mouth  at  its  base,  having  teeth  identical  with  those  of  the  type- 
specimen  of  Squatina  crasaidens,  and  also  one  complete  propterygial 
cartilage  of  the  pectoral  fin  identical  with  that  of  the  same  type- 
specimen. 

(2)  No.  49518.  Imperfect  abdominal  region  identical  with  that  of 
Squatina  crassidenSf  showing  patches  of  large,  strongly  calcified 
tessersd,  exactly  resembling  those  of  the  rostral  cartilages  of  Sder<h 
rhynchua,  and  unknown  in  any  other  Liebanon  fish. 

(3)  No.  49547.  Middle  portion  of  fish,  undoubtedly  Sq.  eraBstdens, 
displaying  teeth  and  pectoral  propterygiura  identical  with  those  of 
No.  53663,  and  showing  a  detached  patch  of  the  characteristic  rostral 
oartilage. 

The  general  form  and  proportions  of  the  trunk  in  the  restoration 
are  l>Ased  upon  the  type-specimen  of  Squatina  erassidens ;  while  the 
proportions  of  the  rostrum  are  inferred  from  the  type-specimen  of 
Sclerorhynchva  aiavus,  and  the  tip  of  a  small  rostrum  of  a  similar 
kind  in  the  Paris  Museum  of  Natural  History.*  Some  details  are 
added  from  other  imperfect  fossils  noticed  in  the  British  Museum 
Catalogue. 

Debobiption. 

Head. — The  rostrum  seems  to  have  occupied  not  less  than  one- 
third  of  the  total  length  of  the  fish,  and  its  length  equals  about  five 
times  its  maximum  width  at  the  base.  If  the  Paris  specimen  be 
correctly  interpreted  as  the  extremity  of  the  snout,  the  median 
rostral  cartilage  is  shown  to  extend  throughout  its  length  ;  and  the 
pair  of  broad  lateral  cartilages,  fixed  at  the  base  between  the  anterior 
part  of  the  nasal  capsules  and  the  narrow  median  cartilage,  soon 
begins  to  occupy  the  whole  of  the  space  between  this  cartilage  and 
the  toothed  margin  of  the  blade  on  each  side.  The  integument 
extends  up  the  base  of  the  rostrum  in  such  a  manner  that  there  is 
no  sharp  line  of  demarcation  between  the  head  and  the  **saw"; 
while  a  gradual  passage  can  even  be  observed  between  the  ordinary 
dermal  tubercles  of  the  body  and  the  elongated  teeth  arranged  in 
a  single  regular  series  on  each  lateral  rostral  border.  None  of  these 
teeth  are  fixed  in  sockets  of  the  cartilage;  but  each  comprises  a 
high,  round,  crimped  base,  fixed  in  the  skin  in  the  usual  manner, 
with  a  long,  enamelled,  exserted  portion,  compressed  to  an  anterior 
and  posterior  acute  edge.  On  the  anterior  border  of  each  nasal 
capsule  there  is  a  sharply-defined,  well-calcified  triangular  exten- 
sion, appai*ently  to  be  regarded  as  an  abbreviate  prepalatine  cartilage; 
and  amid  the  indecipherable  remains  of  the  cranium  behind,  the 
form  and  proportions  of  the  jaws  are  distinguishable,  as  given  in 
the  figure.  Several  series  of  teeth  seem  to  have  been  simultaneously 
functional  in  the  jaws,  and  they  are  uniform  in  character.     Each 

*  Proc.  Zool.  Soc.  1889,  p.  450,  woodcut. 
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t/yith  i«  broftd  and  acaminate,  oomprened  antero-poaterii^rlT.  mi 
fizo'I  ii{w^«ri  a  dffpreated  baae ;  the  crown  is  marked  bj  large  T«fft>nl 
wriukl^rfr,  and  iU  median  portion  ic  more  or  leas  prodooed  doi 
wanlft  anteriorly  over  the  root.* 

Branrhial  Apparatus, — The  branchial  arches  are  onlj 
[ierf«^:tly  from  Inflow  in  one  specimen  ^B.M.  No.  49546),  and  thii 
fiirni*i}i^s  the  evidence  for  oar  restoration,  llie  great  broad  baii- 
branchial  plate  exhibits  at  its  anterior  margin  evidence  of  two  pain 
of  furuardly  directed  processes,  a  delicate  inner  pair  somewkas 
converj^^-nt  in  front,  and  a  larger  outer  pair  divergent.  The  five 
1iy|Kjhranchial  cartilages  on  each  side  are  nearly  nniform  in  size; 
and  the  two  hindermoft  pairs  are  in  distinct  connection  with  the 
body  of  the  liasihranchial. 

Axial  Skeleton  of  Trunk. — The  vertebrse  are  robast  and  distinctly 
tectOHiKindylic,  the  centra  being  somewhat  deeper  than  long  and 
depreMM-d-oval  in  transverse  section.  The  constriction  of  the  ver- 
tel»ral  C4ri)tra  is  Klight  There  are  traces  of  slender  ribs  (not  shown 
in  the  figure)  in  tho  region  of  the  pelvis,  but  precise  details  as  to 
their  extent  and  arrangement  cannot  be  ascertained. 

Appendicular  Skeleton. — In  the  paired  fins  the  slender  cartilaginou 
rnyH  extend  to  the  outer  margin,  are  articulated  at  distant  inten-als, 
and  bifurcate  diHtally  except  in  the  most  anterior  portion  of  the 
pectorals.  The  shoulder  girdle  is  hypothetical ly  indicated  in  the 
figure,  itH  remains  in  all  known  specimens  being  obscure  ;  but  the 
banal  cartilages  of  the  pectoral  fins  are  well  shown  in  several  cases. 
Tho  pro])terygium  is  considerably  extended  forwanls  and  supports 
about  10  rays;  the  mesopterygium  is  narrow  and  bears  8  rays;  and 
tb(*  UHftHpterygium,  much  produced  backwards,  is  the  largest  element 
supiiortiiig  not  lens  than  26  rays.  The  pectoral  fins  are  triangular 
in  Hbape  and  relatively  large,  each  much  exceeding  in  breadth  the 
wiiltli  of  the  pectoral  arch  ;  and  their  posterior  apex  almost  reaches 
the  [lair  of  pelvic  fins.  The  pelvic  arch  is  slender,  and  the  basi- 
pterygiuin  is  much  elongated,  bearing  about  22  rays  of  which  the 
most  anterior  one  is  considerably  thickened.  Of  the  median  fins 
tlioro  are  no  certain  indications,  though  it  seems  not  unlikely  that 
the  little  triangular  expansion  on  the  left  side  of  the  extremity  of 
the  tail  in  the  principal  specimen  of  the  truuk,^  will  prove  to  be  the 
sec^ond  dorsal. 

Dt'rmnl  Structures. — Tlie  skin  is  covered  with  numerous  very 
small  stellate  tubercles,  some  spinous,  some  indented  in  the  centre, 
and  those  on  tlie  snout  gradually  passing  into  the  single  paired  series 
of  roHtral  teeth.  The  lateral  borders  of  the  head,  the  anterior  border 
of  the  paired  fins,  and  the  sides  of  the  tail  are  also  strengthened  by 
much  more  robust,  small,  smooth  tubercles,  closely  arranged  in  a 
dense  cluster. 

Systematic  Dktkr^iination. 

The  Selachian  thus  described  is  shown  by  its  vertebral  axis  to 
belong  to  the  suborder  Tectospondyli ;  and  in  the  general  form  of 

1  Catal.  Foss.  Fishes,  B.M.,  pt.  i.  pi.  ii.  fig.  4. 
3  Catal.  Fow.  Fishes,  B.M.,  pt.  i.  pi.  iL  fig.  1. 
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the  trunk  it  makes  some  approximation  to  the  Squatinidas,  Rhino- 
hatidas,  Pristiophoridas,  and  Prist idas.  From  the  first  family  the  fish 
is,  of  course,  immediately  distinguished  by  the  production  of  the 
snout ;  and  from  the  second  family  it  is  likewise  separated  by  the 
structure  and  armature  of  this  rostrum.  From  the  PristiophoridsQ 
it  is  distinguished  by  the  forward  production  of  the  propterygium  of 
the  pectoral  fin,  which  would  cause  the  gill-clefts  to  open  on  the 
ventral  aspect  of  the  trunk,  or  at  leetst  direct  them  towards  the 
ventral  aspect  as  much  as  in  the  existing  Squatinidae;  and  there 
are  also  important  dififerences  in  the  structure  of  the  snout  and  the 
paired  fins,  the  latter  in  the  PristiophoridsB  always  exhibiting  a 
great  extension  of  skin  beyond  the  cartilaginous  rays,  as  in  ordinary 
sharks.  From  Pritttis,  the  type-genus  of  the  Pristidae,  the  fish  now 
under  discussion  merely  differs  essentially  (1)  in  the  simple  and 
non-implanted  character  of  the  rostral  teeth,  (2)  in  the  extension  of 
the  median  rostral  cartilage  to  the  end  of  the  snout,  and  (3)  in  the 
relatively  short  and  broad  form  of  the  trunk,  with  the  pectoral  fins 
almost  reaching  the  pelvic  pair.  None  of  these  characters,  or  any 
of  the  minor  points  to  be  noted  in  the  generic  diagnosis  of  Sclera- 
rhynehuBj  seem  to  justify  its  being  placed  in  a  family  distinct  from 
thjit  including  Prtstia ;  and  the  present  investigation  therefore  con- 
firms former  suspicions  as  to  the  systematic  relationships  of  the  fish. 

If  so  much  be  admitted,  it  is  evident  that  Sclerorhynchus  remains 
as  the  most  generalized  described  form  of  the  saw- fishes,  and  at 
the  same  time  their  earliest  known  representative.  It  is,  however, 
difficult  to  understand  how  the  curiously  complex  rostral  teeth  of 
the  typical  Pristis  can  have  been  evolved  from  an  armature  similar 
to  that  of  Sclerorhynchus;  and  it  is  contrary  to  current  belief  to 
suppose  that  the  much  elongated  trunk  of  Pristis  is  not  a  primitive 
inheritance  from  the  sharks,  but  an  indirect  modification  through 
some  almost  skate-like  form  of  trunk  such  as  that  of  the  Lebanon 
fish.  So  far  as  known,  Propristis  ^  appears  to  be  an  intermediate 
link  from  the  Lower  Tertiary,  the  ordinary  Pristis-Wke  teeth  in  this 
genus  being  described  as  not  fixed  in  sockets  in  any  secondarily 
developed  cartilage  on  the  border  of  the  pair  of  cartilages  of  the 
rostrum.  Nevertheless,  it  must  at  present  suffice  to  record  ScUro* 
rhynchus  as  occupying  an  undetermined  position  in  the  family, 
capable  of  definition,  but  awaiting  the  discovery  of  more  Mesozoic 
and  early  Tertiary  genera  to  elucidate  its  precise  significance. 

In  conclusion,  the  following  diagnoses  may  be  appended : — 

G^nus  Sclerorhynchus, 
[A.  8.  Woodward,  Catal.  Foas.  Fishes,  B.M.,  pt.  i.  1889,  p.  76.] 
Body  depressed ;  pectoral  fins  relatively  large,  triangular,  extend- 
ing behind  almost  as  far  as  the  origin  of  the  pelvic  fins,  and  having 
the  propteiygium  much  produced  forwards.  Rostrum  gradually 
expanding  at  the  base,  and  supported  throughout  its  length  by  the 
median  rostral  cartilage  of  the  cranium  with  one  pair  of  lateral  car- 
tilages ;  rostral  teeth  simple,  loosely  attached  to  the  skin.     Teeth  in 

^  W.  Dames,  Sitzungsb.  math.-phys.  cl.  k.  preuss.  Akad.  Wiss.  1883,  pt.  i.  p.  136. 
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jaws  small,  acuminate.  Dorsal  fins  without  spine.  Tmnk  corered 
with  minute  stellate  tubercles,  gradually  enlarging  and  passing  oq 
the  snout  into  the  rostral  teeth;  the  lateral  borders  of  the  head, 
the  anterior  border  of  the  paired  fins,  and  the  sides  of  the  tail 
strengthened  with  dense  patches  of  small,  robust,  smooth  tuberdes. 

SderorhynchuB  atavus. 

1880.  Schrorhynehut  atavtu,  A.  S.  Woodward,  Cat.  Fo«.   Fishes,   B.M.,  pt  i. 

p.  76,  pi.  iii.  fie.  1,  and  Proc.  Zool.  Soc.,  p.  460,  woodeot 

1889.  Sqttatina  eraiHden$,  A.  S.  Woodward,  Cak  Foss.  Fishes,  B.M.,  pi.  L  p.  69, 

pi.  ii. 

1890.  Prutiophorut  {Selerorhynehtu)  aUNms,  0.  Jaekel,  Zeitachr.  deotseh.  geoL  Ges., 

p.  117,  pi.  ii.  fig.  1. 

1891.  Pri^tiophonu  atavus,  0.  Jaekel,  Archiv.  f.  Naturgesch.,  p.  43,  pL  i.  fig.  1. 

Type.     Portion  of  rostrum ;  British  Museum. 

The  type-species,  attaining  a  length  of  about  0*85.  Maximum 
breadth  across  the  pectoral  fins  nearly  equal  to  the  length  of  the 
rostrum,  which  oocupies  about  one-third  of  the  total  length  of  the  fish. 
Teeth  vertically  ribbed,  at  least  on  the  inner  face.  Pelvic  fins  more 
than  half  as  long  as  the  pectorals.  Rostral  teeth  small  and  regularly 
arranged,  compressed  to  a  sharp  edge  anteriorly  and  posteriorly. 

Formation  and  Locality, — Upper  Cretaceous  (Senonian) ;  Sahel 
Alma,  Mount  Lebanon,  Syria. 


II. — On  the  Wknlook  and  Ludlow  Strata  of  the  Lake  Distbiot, 

Bj  J.  £.  Mabr,  M.A.,  F.R.S.,  Sec.O.S. 

rpHE  beds  above  the  Borrowdale  volcanic  group,  and  below  the 
X  Coniston  Flags,  have  been  treated  in  detail  in  other  communi- 
cations, but,  notwithstanding  all  that  has  been  written  of  the  higher 
Silurian  rocks  of  the  Lake  District,  something  remains  to  be  said 
about  them.  The  classification  adopted  in  this  paper,  reasons  for 
which  will  be  subsequently  given,  is  subjoined : — 

Kirkby  Moor  Flags ss     Upper  Ludlow. 

Suir^"^..'!"^.     }      =     Parage  between  Upper  «.dIx>werL«dlow. 

Bannisdale  Slates      ...      \ 

Coniston  Grits >      =     Lower  Ludlow. 

Cold  well  Beds    ) 

Brathay  Flags «     Wenloek. 

These  formations,  it  is  well-known,  are  found  principally  in  the 
undulating  country  to  the  south  of  the  Coniston  Limestone  outcrop 
of  the  central  region  of  the  Lake  District,  and  extend  thence  in  an 
easterly  direction,  forming  the  great  bulk  of  the  Howgill  Fells,  and 
appearing  finally  in  the  neighbourhood  of  Settle,  llie  Brathay 
Flags  are  found  in  two  exposures  in  the  neighbourhood  of  Dufton, 
on  the  west  side  of  the  Cross  Fell  inlier,  indicating  the  probable 
^cooorrenoe  of  a  synclinal  occupied  by  these  Upper  Silurian  strata 
the  newer  rocks  of  the  Eden  Valley,  and  an  outcrop  of  the 
grits  is  found  on  the  extreme  north  of  the  Cross  Fell  area, 
to  the  commencement  of  the  Silurian  rocks  on  the  north 
the  great  Lake  District  anticline.  This  isolated  outcrop  is 
M  the  beds  are  here  only  thirty-five  miles  distant  from 
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the  sfcrata  of  the  Ricoarton  group,  near  Langholm,  in  Dumfriesshire, 
so  that  it  is  possible  that  we  are  here  dealing  with  beds  forming 
the  southern  limb  of  a  syndine,  of  which  the  Langholm  Beds  form 
the  northern  limb. 

The  geographical  distribution,  and  general  characters  of  tbe  upper 
groups  of  the  Silurian  strata  are  recorded  in  the  Memoirs  of  the 
Geological  Survey.  Valuable  fossil  lists  are  given  in  these  Memoirs, 
to  which  reference  will  be  subsequently  made,  especially  to  the  list 
appended  to  the  Memoir  on  the  district  around  Kendal,  Tebay,  and 
Sedberghy  edited  by  Mr.  Strahan.  As  the  fossils  of  the  Bratbay 
Plags  and  Coldwell  Beds  are  there  included  under  the  head  of 
Goniston  Flags,  it  will  be  necessary  for  my  purpose  to  give  lists 
from  the  Brathay  Flags,  and  Middle  and  Upper  Coldwell  Beds 
respectively.  Several  of  the  fossils  recorded  in  the  Survey  list  are 
not  entered  here,  as  their  exact  horizon  remains  doubtful,  but  the 
following  lists  give  a  fairly  complete  account  of  the  fossils  of  the 
different  subdivisions. 

Brathay  Flags.^ 

=:Zone  of  Cyrtograptus  Murchisoni, 

Mr.  Aveline  assigns  a  thickness  of  2,800  feet  to  the  whole  of  the 
Goniston  Flags,  and  of  this  considerably  less  than  half  appertains  to 
this  lower  division,  which  seldom  has  a  thickness  of  more  than 
1000  feet  The  flags  are  very  uniform  in  composition  throughout 
the  district ;  they  are  of  a  greyish-blue  colour,  well  laminated,  and 
frequently  contain  calcareous  nodules.  On  the  moorland  west  of 
Troutbeck  they  contain  numerous  indeterminable  brachiopods  in  the 
lower  portion,  where  they  pass  down  into  the  Browgill  shales,  and 
these  beds  may  be  the  meagre  representatives  of  the  Woolhope  lime- 
stone, but  the  greater  portion  of  the  deposit  contains  fossils  of  few 
species,  chiefly  graptolites,  which  are  abundant  enough  to  show,  as 
is  well  recognized,  that  these  flags  are  the  equivalents  of  the 
Wenlock  Beds  of  other  areas,  and  the  same  fossils  are  found  in  the 
Wenlock  Shales  of  other  districts. 

Fossils  ov  the  Brathay  Flags. 

Mtmoffraptus pHothn,  Browa. Bebecca  Hill;  Broughton  Moor;  Bra- 
thay; Troutbeck;  Stockdale;  Cross 
Haw  Beck  ;  Austwick  Beck. 

• votiurinuij  Nicb Same  localities  as  above. 


■  eultelluSf  Tornq. Austwick  Beck. 

Cyrtograptus  Murehiionij  Qatt Troutbeck ;  Stockdale ;  Cross  Haw  Beck. 

BttioUteM  Oeinitzianu»f  bdXT Brathay ;  Troutbeck ;  Stockdale;  Aust- 
wick Beck. 

FaeonteSf  sp Stockdale. 

jietinoerinus  puleher  Salt Osmotherly  Common ;  near  Skelgill. 

Aptyehopsis     (eordiformit,     Jones     and 

V^oodw.) ssonatma^  Salt.? Rebecca  Hill. 

Aptyehopai*  angulata^  J.  &  W.  P Nanny  Lane,  Troutbeck. 

lingulocana  talteriana,  J.  &  W.  P East  side  of  Long  Sleddale. 

Diwina? Near  Skelgill. 

Cardiola  interrupta,  Brod.  ? Leek  Beck  ;  Hebblethwaite  Gill. 

Orthoeeras  primaeffutnf  Forbes Frequently. 

1  For  uie  of  this  term,  and  those  of  the  subdiriaions  d  the  CSoldicsU  Bedi,  tea 
Harr,  Q.J.G.8.  rol  xzzir.  p.  880. 
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The  graptolites  are  those  of  the  zone  of  CyrtograpiHg 
Other  zones  of  Crytograptus  may  occar  in  the  higher  parte  of  the 
Brathay  Flags,  for  the  graptolites  are  nsaaily  foand  in  good  pi«- 
■ervation  near  the  base  of  the  flags  only,  where  the  beds  are  less 
cleaved,  owing  to  the  protection  afforded  by  the  bard  grits  of  the 
underlying  Browgill  Beds.  In  this  lower  part  of  the  flags,  grapto- 
lites nmy  usually  be  found  in  a  state  of  relief,  though  at  Cross  Haw 
Beck  they  are  flattened.  At  this  locality  the  shales  at  one  horizon 
have  the  bedding  planes  crowded  with  Cyrtograpitu  Murehi§afd  in 
all  stages  of  growth.  Some  of  the  forms  included  in  the  above  list 
are  probably  referable  to  Monograptus  personatus,  Tullb.,  as  more 
than  one  species  seems  to  have  been  included  in  Nicholson's  vamerinus. 

LOWBR  COLDWSLL   BsDS. 

=:  Zone  of  Monograptus  Nihsoni? 

In  the  Lake  District,  the  thin  deposit  of  grit  which  forms  the 
lower  division  of  the  Cold  well  Beds  has  not  hitherto  yielded  any 
fossils,  but  in  the  Ingleborough  district  the  flags  containing  the 
graptolites  of  the  Oyrtogrnptus  MurckiBoni  zone  are  succeeded  by 
maKsive  grits  (Ac.  2.  of  Prof.  Hughes'  sections  in  Geol.  Mag.  Deo. 
I.  Vol.  lY.  p.  346).  In  1887  >  I  stated  that  the  well-known  Hough- 
ton Whetstones  were  possibly  interstratified  with  the  grits,  and  I 
find  that  the  geological  surveyors '  record  two  bands  of  grit  below 
these  Whetstones,  whilst  the  "  Wharfe  grits  "  of  the  surveyors  (the 
same  beds  as  those  numbered  Ac.  2  by  Professor  Hughes)  immedi- 
ately succeed  them.  It  is  true  that  the  surveyors  remark  that  the 
**  Whetstone-bed  belongs  to  the  Upper  part  of  the  Lower  Coniston 
Flags,"  but  the  line  appears  to  be  drawn  for  convenience  where  the 
grits  become  the  dominant  beds,  and  the  fossils  of  the  Whetstones 
indicate  a  different  horizon  to  those  of  the  Lower  (Brathay)  Flags. 
I  have  recorded  Monograptus  duhius,  Suess,  M,  Nilasoni,  Ban*.,  and 
M.  uncinatus,  Tullb.  ?  from  these  beds.  Of  these,  the  most  charac- 
teristic is  M.  Nilssonif  and  the  zone  may  be  named  after  it.  The . 
**  Wharfe  grits "  are  succeeded  by  beds  which  are  certainly  the 
equivalent  of  the  Upper  Cold  well  Beds,  so  these  grits  with  their 
Whetstone  band  represent  Lower  or  Middle  Coldwell  Beds  or  both. 
There  is  no  break  betwixt  them  and  the  Brathay  Flags,  and  this  is 
important,  as  we  shall  see,  when  we  discuss  the  stratigraphical 
horizon  of  the  NiU$oni'Zone. 

Middle  Coldwell  Beds. 

=:Zone  of  Phacops  ohtusicaudatus. 

The  extraordinary  persistence  of  the  bedding-plane  containing 
Phacopa  obtusicaudatus  amongst  these  calcareous  gritty  flags  has 
been  elsewhere  noted,  and  it  is  only  necessary  here  to  give  a  list 
of  the  fossils  which  have  been  discovered  in  this  subdivision. 
They  are : — 

»  Gbol.  Mao.  Decade  III.  Vol.  IV.  p.  37. 

*  Geology  of  the  Country  around  Ingleborough,  p.  18. 
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Phaecpt  obtwieaudatua,  Salt Coldwell-;  Troatbeck;  Helm  Knot,  etc 

torvut,  Wyatt-Edgell,  M.S.       ...  ^aat  side  of  Troutbeck;  Helm  Knot 

AeidoMpin,  sp Randy  Pike. 

Ckeirurm,  ep Randy  Pike. 

Cardiola  interruptay  Brod ^  -Troutbeck. 

OrtKoeeras  wbannuiare,  Hiixui Coldwell  ?  Randy  Pike  f 

angulatufiij  Wahl. Coldwell  P 

^—  originaUy  Barr Coldwell  P 

reetitinetumy  Blake      Coldwell. 

lineatum,  His .%.  Coldwell. 

— -  var.  tenuUtriatumy  Blake.  Randy  Pike. 

■  truneatumy  Barr Coldwell. 

imbHeatum^  Wahl Coldwell. 


The  list  of  CephcJopods  is  oom  pi  led  from  Prof.  Blake's  "British 
Fossil  Cephalopoda."  Several  of  the  above  Cephalopods  occur  in 
the  same  beds  on  the  north  side  of  Helm  Knot,  Dent.  Many  other 
indeterminable  fossils  also  occur,  including  several  Brachiopods. 

Upper  Coldwell  Beds. 
=rZone  of  Monograptus  bohemicus  (lower  part). 

I  pointed  out  in  1878  that  the  fossils  found  in  the  bed«  assigned 
to  the  Lower  Coniston  Grits  on  the  Bust  side  of  Lune  are  the  same 
as  those  found  in  the  strata  included  in  the  Upper  Coniston  Flags 
on  the  west  side  of  that  river,  and  that  both  immediately  succeed 
the  zone  of  Phacops  obtusicaudatuSf  indicating  that  the  line  of 
demarcation  between  grits  and  flags  on  the  east  side  of  Lune,  as 
drawn  by  the  Geological  Surveyors,  is  mucli  lower  in  the  succession 
than  that  which  they  have  adopted  in  the  central  portion  of  the  Lake 
District.  The  Brathay  Flags  only  are  included  in  the  Coniston 
Flags  on  the  eastern  side;  the  top  of  these  flags,  as  shown  by  the 
fossils,  is  a  more  natural  place  to  draw  the  line,  than  that  adopted 
further  to  the  west;  and  it  is  somewhat  unfortunate  that  the  terms 
Coniston  Flags  and  Coniston  Grits  have  got  into  such  general  use, 
considering  the  vagueness  of  the  expressions. 

Since  1878  a  number  of  other  fossils  have  been  discovered  in  the 
Windermere  country,  and  although  further  search  would  undoubtedly 
furnish  many  more  species,  quite  sufficient  have  been  collected  to 
show  the  correctness  of  the  correlation  of  the  Upper  Coldwell  Beds 
of  the  Windermere  country  with  the  gritty  flags  of  the  S.W.  side  of 
Helm  Knot,  Casterton  and  Middleton  Fells,  Horton-in-Uibblesdale, 
etc.  These  beds,  in  some  cases  certainly,  attain  a  thickness  of  about 
2000  feet,  though  elsewhere  a  smaller  thickness  is  at  present 
measurable. 

Fossils  of  the  Upper  Coldwell  Beds, 

CUana  priseaj  M  *Coy Helm  Knot ;  Casterton  Fell. 

fMoftoffraptus  colonus.  Ban Broughton   Moor;    Windermere,    Sed- 

bergh,  and  Ribbleedale  districts. 

t Hcsmerif  Barr Windermere,  Sedbeigh,  and  Kibbles- 
dale  districts. 

t bohemiem,  Barr.  ... Windermere,  Sedbergh,  and  Ribblee- 
dale districts. 

XSpirorbi*  Zewisii^  Sow Casterton  Fell ;  Helmside. 

fAetinocrinus?  pulcheTf  Salt Casterton     Fell;     Cautley  ;    Horton ; 

Troutbeck. 
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.   Frot4uter  wp, Casterton  FclL 

fCermtioearia  Jfurckitom,  Agu Casterton  Fell ;    Helm  EnoC ;   Troot- 

beck ;  South  of  ColdwelL 

t robu$ta,89lt Casterton  Fell;   High  HoUina;  Hds 

X tyranMut,  Salt Troutbeck.  [KnoL 

iEnfrinurus  jmnctatu$f  BruniL      Middleton  FelL 

jHotnalonotut  Knightii^  Konig.    Middleton  Fell. 

^Aeida9puHugheni,^9lv,,U.S Casterton    Low    Fell;    Helm   Esot; 

Galegarth ;  RaTenstonMlale. 

\PhaMp$  Stokeni^  M.  Edw Troutbeck;  Ontrake,  Ulrenton. 

♦ toma,  Wvmtt-Edgell,  M.8.  ...  Troutbeck. 

caudatuM^aton^  \%T.    Troutbeck. 

Orthit  Lewisii,  Dav.,  rar.  HugKetii,  Dav.  Helm  Knot. 

XDayia  navicula^  Sow Middleton  Fell. 

fBhi/nchoneUa  nueula^  Sow Middleton  FelL 

Orthis  parva,  rar.  avelkma Horton. 

flHtetna  Forbeni^  Dav Middleton  FelL 

•fCardiola  interrupta,  Brod.    Windermere  ;    Sedbergh  ;    nnd    Settle 

XPterinea  tubfalcata^  Conr Howgill  Fells.  [districti. 

t teftuUtrita,  "M-^Coj Casterton  and  Middleton  FeUs;  High 

Hollins ;  Helm  Knot. 

Sowerbyif  M'Coy     Helm  Knot. 


Ctenodonta  sp.        Helm  Knot. 

XTentantlitet  tenuU^  Sow Cautley. 

f  Orthocera$  primaevumf  ForhcB    Horton;  Helm  Knot;  Troutbeck. 

X dimidiatum.  Sow Helm  Knot. 

t aubuHdulatumy  IBoiil Horton;  Howgill  FeUs ;  Hawkahead. 

t ludeme.  Sow Helm  Knot. 

i trmcheale.  Sow Howgill  FeUs. 

iTroehoeeras  piganteum,  Sow Horton. 

*  Not  recorded  outside  the  district. 

t  Recorded  elsewhere  from  Ludlow  and  Wenlock  Beds. 

f  Recorded  elsewhere  from  Ludlow  only. 
Recorded  elsewhere  from  Wenlock  only. 

NoTB. — No  account  is  taken  of  occurrences  in  the  Denbighshire  Grits  and  Flags. 

C0NI8TON  Grits. 

=ZoDe  of  Manograptus  bokemicuB  (apper  part). 

The  main  mass  of  these  grita,  estimated  by  Mr.  Aveline  to  have 
a  thickness  of  4000  feet,  is  unfossiliferous.  Two  interesting  fossil 
horizons  are  found,  however,  viz.,  the  Winder  Grit,  described  by 
Prof.  Hughes  in  the  Geological  Survey  Memoir  on  the  district 
around  Kendal,  Sedbergh,  and  Tebay  (see  first  edition,  published  in 
1872),  with  a  set  of  fossils  enumerated  in  the  two  editions  of  that 
Memoir,  which  it  is  not  necessary  to  print  here ;  and  the  "  sheerbate 
flags  "  exposed  in  Pennington's  Quarry,  on  the  east  side  of  Trout- 
beck, which  contain  the  three  Monograpti  enumerated  as  occurring 
in  the  Upper  Cold  well  Beds,  eolonvs,  hohemicus,  Bcemerif  along  with 
Cardiola  interrupta  and  Orthoceras  primavum. 

Bammisdalk  Slates. 

=Zone  of  Monograptus  leintwardinenM, 

A  considerable  number  of  fossils  have  been  found  scattered  through 
the  Bannisdale  slates  (whose  thickness  is  given  by  Mr.  Aveline  as 
5,200  feet).  They  are  recorded  from  various  localities,  such  as 
Tebay  Gill,  Crook  of  Lune,  Bowness,  eta,  and  a  list  of  these  fossils 
will  be  foond  in  the  Survey  Memoir  previously  alluded  to.    Fossils, 
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thoagb  rare,  can  generally  be  found  in  sections  where  tbe  cleavage 
has  not  obliterated  tbe  bedding  planes  as  planes  of  division.  Some 
years  ago  I  noticed  Monograpti  on  a  slab  from  Boston,  near  Ings, 
preserved  in  tbe  Kendal  Museum,  wbiob  appeared  to  me  to  be 
M,  leintwardinensis,  and  tbougb  I  was  unsuccessful  in  finding  tbese 
fossils  in  situ  at  that  locality,  I  last  summer  discovered  that  species 
of  Manograptus  in  decomposed  gritty  shales  not  far  above  the  top 
of  the  Coniston  Grits  in  Tebay  Oill,  associated  with  Monograptua 
eoUmvs,  Barr.,  M.,8alweyit  Hopk.,  a  species  of  Ceratioearis,  and 
several  lamellibranchs.  On  my  return  to  Cambridge,  I  found  other 
specimens  of  leintwardinensis,  in  a  drawer  containing  fossils  from  the 
passage  beds  between  the  Bannisdale  Slates  and  Eirkby  Moor  Flags 
at  Underbarrow,  and  a  specimen  from  the  Crook  of  Lune,  which 
seems  to  belong  to  the  same  species.  M,  leintwardinensis ,  then, 
appears  to  range  through  the  Bannisdale  Slates,  and  I  have  not  met 
with  it  in  higher  or  lower  beds. 

The  lower  portions  of  the  passage  beds  between  the  Bannisdale 
Slates  and  Eirkby  Moor  Flags  are  well-known  from  the  occurrence 
of  Starfish  in  them,  whence  they  are  frequently  spoken  of  as  the 
Starfish  beds ;  it  may  be  noted  that  Starfish  also  occur  at  a  lower 
horizon  in  the  Bannisdale  Slates.  The  Starfish  beds  have  yielded 
a  rich  fauna  at  Underbarrow  and  elsewhere,  and  their  fossils  are 
recorded  in  Salter's  Catalogue  of  Cambrian  and  Silurian  fossils  as 
well  as  in  the  Survey  Memoir.  Mr.  Aveline  compares  the  beds 
above  them  with  the  Aymestry  Limestone,  and  this  correlation  has 
been  generally  accepted.  These  upper  beds  are  calcareous  and 
contain  Dayia  navictda  in  abundance. 

EiBKBY  MooB  Flags. 

These  well-known  and  richly  fossiliferous  strata  are  by  general 
consent  referred  to  the  Upper  Ludlow.  A  large  suite  of  fossils 
from  the  immediate  vicinity  of  Eendal  and  Eirkby  Moor  is  pre- 
served in  the  Eendal  Museum,  and  another  in  the  Woodwardian 
Museum,  and  these  are  recorded  in  Salter's  Catalogue  and  that 
appended  to  the  Survey  Memoir.  Numerous  fossils  are  embedded 
also  in  the  less  known  flags  found  in  the  synclinal  running  from 
Staveley  to  Tebay,  and  though  many  of  these  are  of  species  occurring 
in  the  outcrops  of  the  main  mass  it  would  well  repay  lucal  observers 
to  collect  fossils  from  the  flags  of  this  syncline,  especially  in  those 
places  where  they  pass  down  into  the  underlying  Bannisdale  Slates. 
It  is  quite  unnecessary  to  give  a  full  list  of  the  fossils  of  the  Eirkby 
Moor  Flags. 

Conclusions. 

It  has  been  stated  that  the  Brat  hay  Flags  are  generally  recognized 
as  the  equivalents  of  the  Wenlock  strata,  whilst  the  Eirkby  Moor 
Flags  are  equally  generally  accepted  as  of  Upper  Ludlow  age.  The 
upper  portion  only  of  the  Bannisdale  Slates  is  admitted  to  be  Lower 
Ludlow  by  the  Geological  Surveyors,  whilst  the  lower  part  of  the 
Bannisdales,  the  whole  of  the  Coniston  Grits,  and  the  Cold  well  Beds 
are  referred  to  the  Wenlock.    If  this  be  so,  we  should  have  some* 
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tiling  like  10.000  feet  of  Wenloek  strata  in  the  district,  and  only 
two  or  three  thousand  of  Lower  Ludlow.  I  hope  to  show,  however, 
that  the  Lower  Lad  low  comprises  all  the  strata  between  the  top 
of  the  Brathay  Flags  and  the  calcareons  deposit  referred  to  the 
Avmestrr  limestone  at  the  top  of  the  Bannistlale  Slates;  in  other 
words,  that  the  three  divisions  of  the  Coldwell  Beds,  the  whole  of 
the  Coniitton  grita.  and  the  whole  of  the  Bannisdale  slates  exoeptiog 
the  calcareous  summit  (=ATme6try  limestone)  are  of  Lower  Ludluw 
age.  My  reasons  are  as  follows: — (I)  At  the  end  of  the  period  of 
deposition  of  the  deep-water  Brathay  Flags  which  are  of  unifona 
lithological  character  from  top  to  bottom,  and  of  very  fine  material, 
there  was  a  marked  change  producing  much  shallower  water  depoeiti 
which  are  comparable  in  lithological  characters  not  with  the  Wenloek 
but  with  the  Lower  Ludlow  shales  of  other  areas.  It  is  possible 
that  the  Lower  and  Middle  Coldwell  Beds  do  represent  the  Wenloek 
Limestone  of  other  areas,  but  I  think  not,  and  believe  that  thA 
Wenloek  Limestone  is  absent,  and  that  these  Lower  and  Middle 
Coldwell  Beds  are  Ludlow. 

(2)  On  account  of  the  nature  of  the  graptolitea  found  in  the 
Konghton  whetstones,  which  immediately  succeed  the  Brathay 
Flags  of  Austwick.  The  graptolites  are  MonograpUu  dubius  and 
If.  AV/asotti.  These  two  species  are  found  in  the  'Oardiolaskiflfer' 
of  Scania,  and  Nil$*oni  is  limited  to  the  liase  of  the  '  Cardiolaskiffer.' ^ 
These  Cardiola  Beds  are  correlated  by  Tullbei^  with  our  Lower 
Ludlow.'  Again,  in  Lapworth's  paper  on  the  geological  distributioa 
of  the  Rhabilophora,  M,  AV/moni,  is  recorded  from  Lower  Ludlow 
rocks  only  in  the  table  showing  the  distribution  of  the  various 
species  of  graptolite.  and  he  speaks  of  the  2sone  of  M.  Nilssoni  as 
lying  between  the  Wenloek  and  Aymestry  limestones,  and  forming 
the  Lower  Ludlow  shales  of  Murchtson. 

(3)  The  fossils  of  the  Middle  Coldwell  Beds  give  little  or  no 
indication  of  age,  and  might  equally  well  be  Wenloek  or  Ludlow ; 
but  this  is  not  the  case  with  the  Upper  Coldwell  Beds.  These  beds 
have  the  fauna  of  the  Cardiolaskiffer  of  Sweden  (which,  as  already 
stated,  is  correlated  by  TuUberg  with  the  Lower  Ludlow).  But  the 
fossils  of  the  Upper  Coldwell  Beds  themselves  strongly  support 
their  Ludlow  affinities.  I  have  indicated  in  the  list  those  which  are 
confined  to  the  Ludlow,  those  which  occur  in  the  Wenloek  also,  and 
that  (I  can  find  but  one,  and  the  identification  of  that  is  doubtful) 
which  has  been  elsewhere  found  in  the  Wenloek  only.  I  would  not 
lay  much  stress  on  this,  except  as  showing  that  the  probabilities  are 
quite  as  much  in  favour  of  the  beds  being  Ludlow  as  of  their  being 
Wenloek  ;  but  when  we  deal  with  the  graptolites  we  have  more 
certain  evidence,  for  though  the  three  species  found  in  the  Upper 
Coldwell  Beds  have  been  recorded  from  the  higher  Wenloek  strata, 
they  only  are  found  in  the  abundance  in  which  they  lie  in  some  of 
the  Upper  Coldwell  Beds,  in  Lower  Ludlow  strata  at  home  and 
abroad.  Furthermore,  some  of  the  fossils  limited  to  the  Lake 
District  pass  up  into  the  Coniston  Grits  and  even  into  the  Bannisdale 

'   >  Of.  Tnllberg,  Sk&nes  graptoliter.     Fart  I.  p.  14. 
*  (y.  Aii.  ur.  geol.  f  oren.  i.  8xockiM>\m  IcK&ttMi^  VWA,^^.  W,  Bd.  Y.  No.  8. 
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Slates ;  bnt  they  are  not  found  in  the  Brathay  Flags,  and  the  same 
is  true  of  a  great  portion  of  the  other  fossils,  so  that  if  the  list  of 
fossils  from  Bannisdale  Slates,  Coniston  Grits,  and  Upper  Coldwell 
Beds  be  examined,  a  large  number  will  be  found  common  to  the 
three. 

(4)  The  Coniston  Grit  fossils  have  a  decided  Lower  Ludlow  facies. 
So  much  is  this  the  case  that  Prof.  Hughes  remarks  of  the  fauna  of 
the  Winder  grit  *'  The  prevalence  of  Bhynchonella,  especially  B.  navi- 
eula,  of  Chonetes  lata,  of  that  round  rather  than  elongated  variety  of 
Orthis  elegnnttda,  known  as  0.  lunata  or  orbictdaris,  and  other  fossils, 
would,  in  Wales,  lead  one  to  suspect  that  we  were  somewhere  about 
the  passage  beds  from  Upper  to  Lower  Ludlow."  *  It  is  true  that 
an  explanation  is  offered  in  the  Survey  Memoir  to  account  for  an 
apparent  Ludlow  fauna  in  Wenlock  strata,  but  if  all  these  strata  be, 
as  I  am  attempting  to  show,  Ludlow,  no  such  explanation  is  needed. 

(5)  MonograptttB  leintwardinensia,  occurring  in  the  Bannisdale 
Slates,  was  determined  as  a  Lower  Ludlow  form  by  Mr.  Hopkinson 
in  1873.' 

An  interesting  point  brought  out  by  an  examination  of  the  Lower 
Ludlow  graptolite- bearing  deposits  of  the  North  of  England  is  the 
great  thickness  of  some  of  the  graptolitic  zones  of  these  rapidly 
accumulated  shallow-water  deposits,  forming  a  marked  contrast  to 
the  thinness  of  the  graptolitic  zones  of  Llandovery  age  in  the  same 
area.  Thus  we  find  the  zone  of  Monograptus  hohemicus  comprising 
a  group  of  strata  having  a  thickness  of  about  5000  feet,  whilst  a 
similar  thickness  is  assigned  to  the  strata  of  the  zone  of  M.  letnt- 
toardinensia.  A  list  of  the  zones  of  the  Llandovery-Ludlow  rocks  of 
the  area  of  the  Lakes  is  appended,  with  the  approximate  thickness 
of  the  beds  of  each  zone. 


Equivalents 

in  Silurian 

Region. 


Zone  of 


LowEa 
Ludlow. 

"Wenlock. 


f  Monograpitii  leintwardinensis 
bohemictts 


Nihsoni 


CyrtograptiM  Murchisoni  ... 
Grayae  band     ... 


Tarannon.  I  MonograptiM  crispus  . . , 
\ turrieulatus 


Llandovery . 


(  RMtritet  maximus      

Monograptus  spinigerus     ... 

clingani  band    ... 

convolutus 

argentetM 

— —  Jimbriatut , 

Bimorphograptiia  confertut 
Diplograptus  aeuminatus  ... 
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•  •  • 

•  •  • 

•  •  • 

•  •  ■ 


Bannisdale  Slates 

I  Coniston  Grits 
U.  Coldwell  Beds 
Middle 

XiOwer  ...     ...     ,,. 

Brathay  Flags    .. 

•••         •••         •••         ••• 

Browgill  Beds     ... 


t  •  •  m* 


i« •  • •  I 


•  •  •  •  •  ( 


I  •  •  •  • 


y  Skelgill  Beds 


»  •  •         •  •  • 


•  •  •  •  •  i 


»  •  •  •  i 


Ft.   in. 


»••         •••         ••• 


5000  0 

5000  0 

1000  0 

1000  0 

to  22  0 

to  60  0 

25  0 

3  0 

3 

7 

0 

7 

to  25  0 

2  6 


1  Stinrey  Memoir,  Geology  of  the  Country  about  Kendal,  Sedbergh,  etc.,  p.  16. 

2  Gbol.  Mag.  Decade  1.  YoL  X.  p.  619. 
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ni. — Oh  the  OccuRBncK  of  Cbowmtes  Pmattw,  Datiimov,  n  thi 
Cakbohifebous  Bocks  of  WsBTUtsi  ArsxmAUA. 

Bt  R.  Bnj:.M9i  Xkwtov,  F.G.8., 
of  tile'  BritKh  Mwem  (Xatenl  Hkterr). 

[Bead  at  the  British  AaodatioB,  EdiBbvgh  Meedii^,  1892.] 

(PLATE  XIT.) 

THE  Govern  men  t  of  Western  Aostraliay  through  tiieir  OeoI<^;iiit 
Harry  Page  Woodward,  Esq.,  F.6.S.,  has  recent] j  pttssentad  to 
the  British  ilofeam  an  important  series  of  PakBOEoic  inTertelmte 
fossils  which  have  heen  collected  from  Tarioos  localities  during  the 
progress  of  the  geological  sarvey  of  that  colony. 

Since  their  arrival  in  this  country  the  majority  of  the  specimens  hsTS 
been  figured  and  described  in  the  6iou>gical  Maoazihs  for  1890, 
by  Mr.  A.  H.  Foord,  Dr.  G.  J.  Hinde,  and  Prof.  H.  A.  Xicfaolson. 

Among  the  Brachiopoda  from  the  Irwin  Birer  District  are  three 
well-preserved  valves  of  a  Ckamete9,  consisting  of  two  doraals  and 
one  ventral,  which  have  not  yet  received  identification  from  the 
aathors  referred  to,  as  they  came  in  a  second  consignment,  and  after 
the  description  of  the  first  series  had  been  published.  These  valves 
belong  to  one  species,  though  to  different  specimens ;  the  ventral 
being  deeply  convex,  possessing  a  prominent  central  depression, 
and  internally  showing  well-defined  muscular  scars,  whilst  the 
dorsals  retain  in  singular  clearness  the  reniform  vascolar  im- 
pressions in  addition  to  the  usual  muscular  markings. 

Desirous  of  being  able  to  refer  these  specimens  to  some  described 
species,  it  was  necessary  to  consult  the  unique  collection  of  Brachio- 
poda formed  by  the  late  Dr.  Thomas  Davidson,  now  contained  in 
the  British  Museum,  and  which  at  the  present  time  is  undergoing 
a  detailed  arrangement.  There  my  attention  was  drawn  to  the 
figured  example  of  a  form  called  Vhonetes  Pratti,  which  Davidson 
had  described  as  long  ago  as  1869,  in  the  ''  Geolc^st,"  and  which 
apparently  has  never  since  been  referred  to  either  by  the  author 
himself  or  by  any  other  specialist  of  the  Brachiopoda.  This  type 
consists  of  a  dorsal  and  ventral  valve  belonging  to  the  same  animal, 
and  its  comparison  with  the  Western  Australian  specimens  has 
resulted  in  the  fact  that  in  every  essential  character,  both  minera* 
logical  and  stnictural.  it  is  identically  the  same,  a  point  of  much 
interest  when  it  is  remembered  that  the  Davidson  specimen  up 
to  this  time  has  been  without  locality  or  horizon.  The  author's 
description  of  this  species  is  included  in  the  Explanation  of  the 
Plates  attached  to  his  essay  "  On  the  Families  StrophomenidsB  and 
Productidae,"  published  in  the  ** Geologist"  for  1859  (pi.  4,  figs. 
9-12,  p.  116),  and  is  here  reproduced,  the  words  in  square  brackets 
being  used  to  connect  the  meaning : — 

Chonetes  Pratti. — This  beaatiful  specimen  (from  the  collection  of  Mr.  Pratt) 
is  here  given  as  an  illustration  of  the  genus,  on  account  of  the  admirable  preserratioii 
of  its  valves.     The  specimen  is  silicitied  ^  and  the  TaWes  can  be  as  easily  separated 

1  This  statement  requires  correction,  as  on  submitting  the  figured  examples  to  the 
test  of  Hydrochloric  acid  their  structure  is  found  to  be  calcareous.  My  colleagae, 
Mr.  Thomas  Davies,  F.6.S.,  has  also  examined  the  fractured  edge  of  one  of  the 
jalreB,  and  he  identities  the  cVea\«L^  ^\ajMft  %a  b«LoiMg;in^  to  Carbonate  of  Lime. 
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as  in  those  of  a  recent  speciee.  Its  locality  is  nnfortnnatelj  nnlmown.  The  yentral 
Talve  is  very  deep,  with  a  longitudinal  deprefision  along  its  middle;  the  dorsal  ralve 
is  almost  flat,  with  a  small  elevation  towards  the  front ;  hoth  valyes  are  covered  with 
minute  strise.  The  interior  of  the  ventral  valve  [shows  the]  oeeluaor  and  divaricator 
muscular  impressions.  The  cardinal  spines  and  their  tubuliform  orifices  are  hero 
clearly  exhioited.  The  interior  of  the  dorsal  valve  [shows  the]  cardinal  process, 
[the]  anterior  and  posterior  occlusor  muscular  impressions,  [the]  ovarian  spaces  (F), 
[and  the]  reniform  impressions.  The  granular  prominences  are  here  beautifullj 
exhibited. 

To  these  obaraoters  might  be  added  : 

(1)  That  the  external  surfaoe  of  both  yalyes,  besides  being 
ornamented  with  very  fine  radiating  strise,  possess  subimbricating 
concentric  lines  of  growth  ;  (2)  that  the  extent  of  the  cardinal 
line  represents  the  minimum  width  of  the  shell ;  (3)  that  the 
granular  asperites  on  the  interiors  of  the  valves  are  disposed  in  lines 
as  they  reach  the  margins,  and  they  are  elongate  and  perforate, 
presenting  the  appearance  of  short  tubular  spines ;  (4)  that  the 
external  surface  of  the  ventral  valve  exhibits  a  number  of  small 
orifices  placed  at  irregular  distances,  which  might  represent  the 
basal  attachments  of  short  spines,  a  character  known  to  exist  in 
ChoneteB  papiltonacea,  C,  HardrenBis,  etc. ;  and  that  between  the 
stnee  or  ribs  there  occur  numerous  minute  perforations. 

The   dimensions  of  the   figured   ventral   valve    [not   given   by 

Davidson]  are  as  follows : — 

Maximum  breadth        =27  mm. 

Minimum  breadth  (at  cardinal  margin)     =24    „ 

Maximum  length =19    ,, 

Minimum  length =17     ,, 

Depth  of  convexity =  8    ,, 

Two  of  the  valves  from  Western  Australia  represent  somewhat 
larger  specimens  with  the  following  measurements : — 

Ventral  Valve. 

Maximum  breadth       ...     ...     =29  mm. 

Minimum  breadth        =25     „ 

Maximum  length =21 

Minimum  length =20 

Depth  of  convexity      =  9 

Dorsal  Valve  of  another  Specimen. 

Maximum  breadth       =30  mm. 

Maximum  length... =20     „ 

The  deep  median  depression  appears  to  be  a  somewhat  rare 
character  in  the  true  Chonetes  although  it  is  exemplified  in  some 
species  such  as  the  C.  mucronata  ^  of  F.  B.  Meek  and  T.  V.  Hayden. 
This  American  form,  however,  differs  in  other  respects  from  C  Pratti 
in  being  widest  at  the  cardinal  margin,  in  possessing  a  greater 
number  of  cardinal  spines,  and  in  having  its  ventral  valve  of  a 
lesser  convexity. 

The  general  collection  of  Brachiopoda  in  the  British  Museum 
contains  a  single  dorsal  valve  of  C,  Pratti,  labelled  "Russia"  by 
Professor  Morris,  in  whose  collection  it  formerly  was,  which  so 
exactly  coincides  with  the  other  valves  here  recorded  that  I  am 

*  Description  of  some  new  species  of  Carboniferous  Fossils  from  the  Valley  of 
Kansas  Biver,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1858,  p.  262  (not  figured)* 


it 
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strongly  inclined  to  think  that  a  mistake  was  made  when  he  attached 
tliis  locality  to  his  specimen,  more  especially  as  on  reference  to  oar 
Bussian  Brachiopoda  there  is  no  form  with  which  to  compare  it 
either  structurally  or  lithologically,  nor  have  I  succeeded  in  tracing 
anything  in  literature  with  which  to  gain  any  knowledge  as  to  ito 
probable  locality.  There  is  every  reason  to  believe  that  this  supposed 
Bussian  valve  came  also  from  Australia,  and  most  probably,  ai 
suggested  to  me  by  Dr.  H.  Woodward,  F.B.S.,  was  sent  to  Prof. 
Morris  as  a  part  of  the  '"  Strzelecki  '*  collection,  the  fossils  of  which 
he  described  in  1845.* 

The  foregoing  remarks  may  therefore  lead  to  the  following 
conclusions : — (1)  Tliat  the  valves  discovered  by  Mr.  H.  P.  Woodward 
can  l>e  referre<i,  without  a  doubt,  to  Choneies  Fratti  of  Davidson. 
(2)  That  the  Davidson  type,  hitherto  uulacalized^  was  most  likely 
obtained  from  Australia.  ^3)  That  the  valve  labelled  "*  Bussia" 
came,  in  all  probability,  from  the  same  country. 

In  conclusion,  it  may  be  of  interest  to  quote  the  other  Carboni- 
ferous fossils  identified  bv  Messrs.  Foord*  and  Hinde*  from  this 
same  portion  of  Western  Australia,  viz.  the  Imvin  Biver  District, 
which  has  now  produced  the  Chouetes  Pratti  of  Davidson.  These 
species  are  as  follows  : — 

Prodnctus  tenHistnatus,  Vemeuil ;  P.  undattu,  Defrance ;  P.  sw6- 
qnadratftSf  Morris  ;  Spirt/era  MusakheylettstB,  Davidson,  var.  Australii, 
A.  H.  Foord  ;  Syringothyris  exsuperana,  Koninck ;  Beticularia  Uneata, 
31artin,  sp. ;  R,  crebristria,  Morris,  sp. ;  Ortkotetes  erenistria, 
Phillips,  sp. :  Pachydomu*  carinattiSy  Morris;  BeUerophon  decu*8atu$l 
Flf  ming ;  Orthocera^,  sp. ;  Discites,  sp. ;  PUnrophyllum  Australe, 
Hinde;  P.  sulcatum^  Ilinde. 

EXPLANATION  OF  PLATE  XIV. 

Figs.  l-o. — Reprodnction  of  the  original  figrires  of  Chonetet  Pratti,  taken  from 
the  **  Otologist/ *  of  lSo9.  pi.  ir.  figs.  9-12.  1,  2. — Ventral  and 
dorsal  rit-w  of  speiimen.  Nat.  size.  3. — Enlarged  portion  of  valves, 
showing  pstudo-dfltidum  and  ,J  cardinal  process.  4. — Interior  of 
TenTral  ralve,  enlarged,  showing  A'  the  occlusor  or  adductor  and  (R) 
the  divaricator  or  cardinal  muscular  imprest>ions.  The  cardinal  spines 
and  orifices  are  alsii  seen.  5. — Interior  of  dorsal  valve,  enlaiged, 
showing  '^J)  the  cardinal  process ;  (A.  A')  anterior  and  posterior 
occlusor  muscular  impressions ;  (0)  ovarian  spaces  •' ;  (X)  the  reniform 
impresissions.  The  dotted  surface  represents  the  granular  ornamen- 
tation. 

„  6-10. — Tlie  three  valves  collected  by  Mr.  H.  P.  Woodward  in  Westeni 
Australia,  natural  size.  6,  7,  interior  and  eiterior  of  ventral  valve. 
6a,  magnified  portion  of  fig.  6,  showing  orifices  on  the  ribs  between 
which  are  the  minute  perforations.  8,  9,  10,  interior  and  exterior  of 
dorsal  valves.  SiM,  magnified  portion  of  fig.  8  showing  the  arrange- 
ment and  perforated  condition  of  the  spinous  asperities. 

,,  11,  12. — Interior  and  exterior  of  dorsal  valve  of  the  specimen  said  to  come 
from  Russia,  but  which  in  all  probability  was  originally  part  of  the 
"  Strzelecki  *'  Collection  from  Australia. 

[All  the  six  specimens  figured  are  in  the  British  Museum  (Natural  History) 
Cromwell  Road,  South  Kensington.] 

*  Physical  Description  of  New  South  Wales  and  Van  Dieman^s  Land,  by  P. 
E.  de  S'tnelecki.  ^  Geol.  Mag.  1890,  PL  Vll.  p.  151-166. 

*  GxoL.  Mao.  1890,  PL  VIIIa.  p.  196. 
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H1LL8. 

By  Chaslbs  Callaway,  D.Sc.,  M.A.,  F.G.S. 

Fthe  October  Number  of  this  Magazine,  a  paper  by  tlie  Be  v.  A* 
Irving,  D.So.,  calls  for  some  comment  The  subject,  ''The 
Malvern  Crystallines,"  is  one  which  has  engaged  my  close  attention 
during  the  last  seven  years,  and  two  expositions  of  my  views  have 
appeared  in  the  Quarterly  Journal  of  the  Geological  Society.^     I  am 

Slad  to  find  that  Dr.  Irving  accepts  my  main  conclusion — that  the 
lalvem  gneisses  and  schists  are  of  igneous  origin ;  but  there  are 
tome  important  details  in  which  he  has  formed  a  different  opinion. 
It  will  not  be  necessary  for  me  to  discuss  these  differences  with  any 
fulness,  since  my  third  and  final  paper,  which  is  nearly  ready,  treats 
of  some  of  his  more  material  objections  to  my  views. 

One  of  the  most  important  points  of  difference  is  the  origin  of  the 
granite-veins,  1  hold  that  they  are  injected  into  the  diorites*  and 
therefore  posterior  in  age;  Dr.  Irving  regards  them  as  segregatory 
and  contemporaneous.  I  notice,  with  some  surprise,  that  Dr.  Irving 
quotes  the  late  Prof.  John  Phillips  in  support  of  his  theory.  The 
words  of  the  Oxford  Professor,  as  recorded  in  the  "Geology  of 
Oxford  and  Valley  of  the  Thames,"  appear  to  me  to  contradict  his 
claim.  Writing  on  the  granites,  diorites,  and  other  crystalline  rocks* 
of  Malvern,  Phillips  says  (p.  02) : — '*  Segregation  from  a  fused  mass 
is  often  regarded  as  the  cause  of  these  irregular  mixtures ;  in  several 
cases,  however,  the  posteriority  of  felspathic  and  granitic  veins  to 
the  masses  which  they  traverse  is  quite  certain.  .  .  ." 

Dr.  Irving  contends  for  the  segregatory  and  contemporaneous 
origin  of  the  granite- veins  on  the  following  grounds : 

(1)  Upon  the  way  in  which  the  diorite  and  the  granite  "graduate 
into  one  another ; "  and  he  alleges  a  case  at  West  Malvern  of  a 
"gradation  from  diorite  through  a  biotite  or  homblendic-granite 
to  a  very  coarse  pegmatite." 

My  experience  upon  this  point  lends  no  support  whatever  to  this 
alleged  graduating.  There  are  few  outcrops  in  the  Malvern  range 
which  I  have  not  examined,  and  I  have  never  succeeded  in  finding 
a  passage  between  granite  and  diorite*  On  the  other  hand,  I  have 
observed  hundreds  of  contacts  between  those  two  rocks,  in  which 
they  were  seen  to  be  sharply  distinguished  from  each  other,  and  I 
have  examined  scores  of  these  contacts  under  the  microscope  with 
the  same  result.  The  supposed  "  gradation  **  at  West  Malvern  is 
probably  a  case  of  the  action  of  granite  on  diorite  in  contact,  of 
which  there  are  plenty  of  examples  in  that  locality. 

(2)  "  Upon  the  way  in  which  the  felspathic  and  the  quartzo- 
felspathic  veins  ramify  in  all  directions  through  the  diorite." 

This  might  sometimes  be  the  case  if  the  granite  was  ejected  from 
below.  The  molten  rock  would  pass  along  lines  of  least  resistance, 
which  would  sometimes  be  horizontal  or  even  trend  obliquely  down- 
wards.    As  a  matter  of  fact,  however,  a  large  proportion  of  the  veins 

1  August,  1887,  p.  525 ;  August,  1889,  p.  476. 
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ic  1   -:.  ir:i.    V^*^-  •":«ri-  G«i-  S:«l  A^azras^  IS'?^*.    For 
4ii«  'Tfjx  ''-uic  rm«  liicixinriLly.  3HC*r  is^  pMii^«  a  ksik-ired  tiiat  an 

i     ^dtin.   "3*   3Kr   'aac  '•^'fy  <^^se«   T&e  l!»*?iibS«»ifie  iwi  ii 

>  A  rrut  txik:  ii:aitfrsie»  'St'c*  it  ik  kjE^cTvnrkn  of  bonblcnde  or 
lo'.rji?  5:ni  :z:r  fc  rji  v  ii»t  r>:c»  ss  u«t  jsaco^c  with  a  erviile- 
¥^#0-  **  I  >  i-L^*-f  I'rt  ii  I  "i**^  "«L  «i-  jiL  4>4  ;  bat  I  b-i'ld  this  to 
bfr  "Li»T  -tS-.c  :.f  -Ji*  iajecciia  :^  li*  rs^zjr.^.  tj  whicii  a  prooeM  of 

aL  :r::*rr  -.:ol!-t>-»  ':  t  A--":«:rL  ^:«^ff^.  a»>i  ichersu  Dr.  Irrine's  theorr 
■:4r  •i#s*  iik*6r  r^3i*  !:•»  2^:c  «xi'!liiA  wty.  wt>*-ii  tbe  kccni-leo'^  «or 
£*:c**  if  ♦•esT^^^tfi  frr-s.  ti«t  :*•-*?*?.  it  ^br-cM  I<eAT>fr  on  ooe  ride 
«£  ir  fc  "ttz^i  :f  itJtcKcLwe  n^i^j  .  «Ai  en  tLe  :<Ler  a  l«nJ  which 
if  cL>-T  iTti^itiLM**  k=»2  q-sfcm.  T^  •e«res»ri-:«i  of  bomblende 
irivL  ^r.-^i^kr  liitfw  isis»s»L  :^>m  laken  plaoe  in  rbe  Malvieni  dioritet, 
UsL  «•:•  f kj  H  I  LkT*  SKC  izifr  f«tfpttr  Rfluint  mainlj  di^rite-fel^Ar, 

•4     -  r>:c  ibe  ^«tt  KcmiSsant  fact,  that  the  qoanxo-felspatbie 

TCfZA.  «Ti&  wbec  ksa  t2.ka  aa  inch  in  thickx^«ss.  haT«  a  ooaneW* 

• 

^T%in-*i  fftrar^rvT"^.  iLb  bcLrz  so  atanifest  as  t'>  n&ake  it  impomble 
to  t«I>?-T<e  :*.&:  iber  crrstaZbxed  in  contact  with  a  colder  rsxk  after 
injection  ir:*  ;•  i -"* 

E>r.  IrriiLz  i*  '-attifiei  in  anadiix:?  inii*?Ttance  to  this  arsmmeDt 
If  i:  ft.»:  i>I--&*,  :;  w:-li  bare  gT>g?it  wrLiLL  Bat  the  facl«  makins^ 
in  tLe  T  I'-^i-"^  dirriirrj-r-n  ar?  «•:•  strong  /«•.  n'/-  pp.  494.  495 »  that 
I  think  i:  «^^1  n:-*  o:*  to  attap^h  much  Talae  to  a  f^hcc  which  mav  be 
foaorpTib--^  of  in  :t*r  ;n:'rrpre:A::'?n-  It  is  lik^-lr  ei><"^ngh  that  when 
the  Tein*  were  :LJ'i:<:te»L  'be  diorite  was  at  n**Hv  as  h:zh  a  tempera- 
tore  &s  :Le  snTiiie.  *o  ihit  the  Teins  mav  hare  c^xilM  down  nearly 
as  8l>v:v  as  the  larze  masses  of  craniie  with  which  thev  were  in 
conuecti  n.  For  mv  p&rt,  I  find  i:  increviible  that  misses  of  pittash- 
granite,  h'jD'ire>is  of  Tards  in  diameter,  should  have  segregated  oat 
of  the  t'i  .rite,  that  the  segregated  maner  should  be  as  coarselT 
crrstallir.e  in  fine-grained  diorite  as  in  the  granitoid  variety,  and 
thftt  Teios  of  segry-g^ion  shoold  prodace  the  same  contact-effects  as 
Teins  of  injeciion. 

A  »^-ond  imfior^ant  detail  is  leketier  gchUt/^sitif  iras  produced  before 
or  after  cout^idatiom.  Speaking  generally.  Dr.  Irving  sajs.  "before." 
Speaking  generally,  I  say, '*ajfier."  The  reasons  fv>r  my  view  are 
given  in  part  in  my  second  paper,  and  will  be  continued  in  my  next 
I  confine  mvself  in  this  article  to  a  brief  reference  to  the  ** cakes** 
of  quartz  or  qnartz- felspar  which  occnr  in  some  of  the  more  felspathic 
masses.  Dr.  Irving  supposes  th^t  this  flattening  oat  into  '*  cakes  '* 
took  place  when  the  quartz  was  in  a  colloid  state.  I  select  this  case 
becanse  it  may  seem  to  be  a  strong  point  in  his  favour.  There  is, 
however,  pretty  clear  evidence  that  these  **  cakes  "  are  merely  very 
eyesy"  such  as  occur  on   a  smaller  scale  in  angen-gneiss. 
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The  rook  surrounding  them,  wherever  I  have  seen  thera,  is  sheared 
into  a  well-foliated  gneiss,  with  well-marked  granulitio  structure. 
Each  **  cake  "  forms  a  nucleus  around  which  the  gneissio  folia  are 
arranged  concentrically;  and  would  appear  to  he  merely  a  tough 
mass  which  has  succeeded  in  resisting  the  shearing  action  of  the 
earth-mill.  The  granulitio  structure  would  of  itself  suggest  dynamic 
deformation  subsequent  to  consolidation.  The  sheared  rock  was 
originally  binary  granite  of  very  coarse  grain^  into  which  it  often 
passes  by  imperceptible  gradations,  and  the  ''eyes"  can  be  identi- 
fied as  the  sarde  kind  of  granite,  though  they  have  often  become 
more  highly  siliceous. 

Dr.  Irving  does  not  appear  to  dispute  that  the  production  of  hiotiie 
in  the  diorite  is  sometimes  the  result  of  contact  alteration ;  but  he 
denies  that  such  is  always  the  case  at  Malvern,  and  he  instances  the 
rock  in  the  large  quarry  at  the  north-west  comer  of  Swinyard's  Hill. 
He  states  that  the  **ker8antite"  shows  ''no  progressive  alteration" 
as  it  approaches  the  "  basic  dykes."  I  should  be  very  much  sur- 
prised if  it  did.  My  induction  was  that  usually  black  mica  was 
developed  in  diorite  at  the  contact  with  the  granite- veins.  It  is  true 
that  no  granite  is  visible  in  this  quarry  ;  but  it  is  also  true  that  one 
of  the  largest  masses  of  granite  (pegmatite)  in  the  Malvern  HilU 
crops  out  at  a  little  distance  to  the  east,  where  it  forms  the  ridge  of 
the  hill  for  several  hundred  yards. 

The  Bertcile'Schtsts  of  the  south-western  spur  of  the  Eaggedstone 
have  attracted  the  attention  of  Dr.  Irving.  He  thinks  they  form 
'*  a  fragment  of  the  lithosphere  belonging  to  a  much  later  stage  of 
development  than  the  rest  of  the  Malvern  chain,"  and  he  **  failed 
in  his  attempt  to  trace  a  gradual  transition  from  them  into  the 
gneissose  rocks  adjoining  these  schists."  These  schists  are  of  extreme 
interest,  and  will  be  fully  discussed  in  my  third  paper.  In  this  place 
I  may  say  that  I  have  traced  a  "  gradual  transition  "  between  them 
and  the  coarse-grey  diorite,  and  I  am  in  a  position  to  prove  by 
means  of  a  series  of  about  forty  microscopic  slides,  cut  from  the 
diorite,  the  schist,  and  the  intervening  rock,  that  this  highly  acidic 
schist  has  been  formed  out  of  the  diorite  by  a  process  of  crushing 
and  shearing,  acting  subsequently  to  the  intrusion  of  the  granite- veins 
and  to  the  solidification  of  the  mixed  rocks. 

On  the  mica-Bchiat  (formed  from  felsite)  of  the  south-eastern  spur 
of  the  Raggedstone,  I  have  merely  a  word  to  say.  Dr.  Irving  thinks 
I  ought  not  to  apply  the  term  "  schist "  to  this  rock ;  but  he  does 
not  deny  that  "  cleavage-foliation  "  is  to  be  seen  in  it  If  there  is 
true  "  cleavage-foliation "  in  the  rock,  surely  it  is  entitled  to  be 
called  a  "  schist "  in  the  strictest  sense  of  the  word,  if  the  usage  of 
British  geologists,  from  Jukes  onward,  is  to  go  for  anything.  Biit 
Dr.  Irving  appears  to  use  the  term  *' cleavage- foliation  "  in  a  peculiar 
manner,  since  he  compares  this  Eaggedstone  schist  with  certain 
"  laminated  sandstones,  on  the  lamination  surfaces  of  which  a  similar 
deposit  of  secondary  mica  has  taken  place."  I  cannot  for  a  moment 
admit  that  such  a  comparison  is  justified  by  the  facts.  If  Dr.  Irving 
will  turn  to  my  first  paper  (1887,  p.  531),  he  will  see  that,  while 
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some  of  the  passage  rock  is  merely  a  sbeared  felsite  with  Mooodoy 
mica  dept.tsited  on  the  shear- snrfaees,  the  oentral  put  of  the  ahesr* 
zone  consists  of  true  foliated  schiKt 

Dr.  Irving  seems  to  employ  the  term  **  thear^plaue**  m  a  mom 
entirely  different  from  my  definition  and  deecription  (1889,  pp.  476, 
477).  My  sliear- planes  do  display  a  "magh  parallelism,'*  sad 
they  do  not  **  cut  through  the  rock- mass  at  all  angles  to  the  qosnj 
face.**  Dr.  Irving  says  that  his  "shear-planea**  ^'are  often  oon* 
spienoo»ly  slickensided.*'  and  from  his  description  of  them,  I  shoold 
he  disposed  to  think  that  they  are  merely  the  effects  of  croabing 
and  sliding  taking  place  long  after  the  schist-making  process  was 
completed.  This  sort  of  thing  is  well-known  and  well-anderstood, 
and  has  no  bearing  upon  the  facta  and  theories  set  forth  in  mj 
papers. 

It  should  he  clearly  understood  that  it  is  impossihle  to  see  into 
the  mechanism  of  the  schist-making  process  in  the  Malvern  rocks 
without  the  study  of  large  numhers  of  microscopic  slides.  As  Dr. 
Irving  has  not  given  us  any  details  of  microscopic  stmcture,  we  are 
left  in  the  dark  as  to  the  evidence  on  whidi  he  basee-his  oondosioiis. 


y. — On  Yoekshirs  Thioidba. 

Bv  JoHir  Fkaxcu  Walker,  M.A.,  F.6.S.,  nc. 

1HAVC  ohtained  a  considerahle  number  of  specimens  of  Tkecidiwn 
ornatum,  Moore,  from  the  Coral  Bag,  in  the  bed  oontaining 
Phagianella  (Pgeudomelania)  striaia  ;  P^eudodiadewia  vtnipora, 
Hemiddaris  intermedia,  etc.,  from  a  quarry  between  Ayton  and 
Scarborough.  My  friend,  the  late  Mr.  Charles  Moore,  F.G.S.,  gave  me 
some  specimens  of  this  Brachiopod  from  the  Coral  Rag  of  Lyneham, 
Wiltshire,  with  which  the  Yorkshire  Thecidium  perfectly  agrees  in 
form.  This  shell,  especially  the  dorsal  valve,  is  plentiful  at  Ayton, 
but  it  is  troublesome  to  find  on  account  of  its  small  size ;  it  is 
best  obtained  by  washing  the  marl ;  occasionally  it  is  found  attached 
to  Ostrea.  In  my  paper  "  On  the  Yorkshire  Brachiopoda,"  York. 
Phil.  Society  Keport,  1888,  I  remarked  that  a  species  of  Tkecidium 
occurs  at  Suffield,  near  Scarborough,  in  the  Lower  coral  rag,  generally 
attached  to  specimens  of  Zeilleria  Hudlestoui.  I  have  lately  obtained 
by  washing  the  sand  some  perfect  shells,  and  consider  that  they  are 
probably  Thecidea  Moreana,  Buvignier. 

VI. WOODWABDIAN   MuSBUM   NOTBS. 

By  F.  B.  CowPBR  Beed. 

AMONGST  the  Carboniferous  Crinoidea  in  this  Museum  an 
abnormal  form  of  Platycrimu  pileatuB,  Ooldf.,  from  the  Car- 
bcmiferous  Limestone  of  Bolland  was  recently  discovered  by  ma 
whiUt  cataloguing  the  collection.  This  specimen  has  only  fonr  arms 
and  the  calyx  has  suffered  a  corresponding  diminution  in  the  number 
of  its  plates.  The  cup  is  conical,  and  when  viewed  from  the  base 
ighly  quadrangular:  it  expands  somewhat  rapidly  so  that  its 
diameter  is  only  slightly  less  than  its  height.    The  three 
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baaals  are  unequal  in  size,  and  form  a  rude,  quadrilateral,  cup-sbaped 
figure  whioh  extends  a  little  more  than  one-third  up  the  sides  of  the 
calyx.     The  point  of  attachment  of  the  stem  is  small. 

The  four  radials  are  large,  with  the  usual  expansion  above  to 
enable  them  to  aooommodate  themselves  to  the  form  of  the  calyx, 
their  mean  length  and  breadth  being  nearly  equal.  The  excavation 
for  the  arm  oooupies  more  than  one-third  the  breadth,  and  its  depth 
bears  about  the  same  proportion  to  the  length  of  the  plate. 

The  inter-radials  oocupy  the  spaces  exetctly  between  the  arms, 
and  apparently  have  two  shorter  lower  sides  and  two  longer  upper 
sides  which  therefore  meet  at  a  more  acute  angle. 

The  vault  is  flattened,  quadrate,  and  composed  of  a  few  large 
polygonal  plates  each  bearing  a  prominent  central  tubercle,  which 
is  especially  large  at  the  base  of  each  arm. 

In  this  specimen  the  arms  are  wanting,  being  broken  ofif  close  to 
the  calyx. 

It  has  been  thought  that  it  might  be  of  use  to  place  on  record  the 
occurrence  of  this  abnormal  form  in  view  of  the  discussions  still 
going  on  in  regard  to  variations  in  recent  types. 

VIL — Notes  on  Russian  Geology.^ 

By  W.  P.  HuMB,  B.Sc.,  A.R.S.M.,  F.G.S. ; 
DemonBtrator  in  Geology,  Royal  College  of  Science. 

IL  The  Loess  :  Its  Distribution  and  Cha&aotkb  in  S.  Bussia. 

COVERING  a  vast  extent  of  the  southern  portion  of  Russia  in 
£urope,  occurs  the  sandy  clay  which  is  commonly  known  as 
Loess,  whose  origin  has  given  rise  to  the  most  varied  and  conflicting 
opinions.  In  the  course  of  a  visit  to  the  above  country,  this  deposit 
struck  the  writer  as  well  worthy  of  further  study,  whilst  its  connec- 
tion with  the  Black  Earth  invited  closer  inspection.  Its  distribution 
and  general  characters,  as  regards  the  greater  part  of  Western  and 
Central  Europe,  have  been  dealt  with  in  a  most  masterly  manner 
by  Baron  von  Richthofen  in  his  *'  China,"  chap.  v. ;  but  at  the 
Russian  frontier  his  description  ceases  almost  abruptly,  and  he 
merely  mentions  that  the  Dniester  and  its  tributaries  appear  to  have 
out  their  channels  through  the  Loess. 

The  statements  about  to  be  made  apply  especially  to  this  deposit 
as  it  occurs  in  the  Governments  of  Podolia,  Kieff,  Kharkoff,  Kursk, 
Ekaterinoslav,  Poltava,  Tchernigov,  and  the  Don  Cossack  country, 
districts  which  more  or  less  came  under  my  immediate  notice.  (For 
map  of  region  see  Geol.  Mao.  September,  1892,  p.  387.)  As  else- 
where, so  here  it  occupies  the  highest  position  in  the  geological 
sequence,  lying  unconformably  on  all  the  principal  formations.  To 
the  W.  of  the  Dnieper  it  hides  beneath  itself  the  broken  and  contorted 
gneisses  and  granites  of  the  Archsdan  axis,  in  S.  Ekaterinoslav  and 
the  Don  Cossack  country  it  covers  the  shales  and  sandstones  of  the 
Carboniferous,  whilst  in  the  more  central  governments  of  Kursk, 
Kharkofif,  and  Tchernigov  it  overlies  the  Cretaceous  and  the  whole 

^  For  No.  I.,  Ci^tooeouB,  lee  Gbol.  Mao.  September,  1892. 
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Tf-rtiiinr  teries.  Alto  along  a  certain  definite  line  nnminj^  to  Ai 
north  of  theM  govern mentt,  it  reata  upon  the  Boolder-claja  and 
aafi'ls  of  tbe  Glacial  period. 

Owing  to  the  namerooa  atodiea  to  which  this  superficial  fomatioB 
has  ^ven  rise,  its  special  characteristics  hare  heen  clear! j  defined, 
aritl  hare  geoenJlj  proved  applicable  to  Loess  in  eTerj  region  of 
the  globe  where  it  is  known  to  oocar.  These  maj  be  briefly 
sumuiarized  as  follows : — 

Similarity  in  the  size  of  the  component  grains. 

Want  of  stratification. 

Capillary  texture  and  perpendicolar  deaTage. 

Lar;;e  amount  of  carbonate  of  lime  present,  either  as  nodnles.  as  a 
cementing  material,  or  coating  the  inner  cavities  of  decayed  roots. 

Presence  of  land-shells  and  Mammalian  remains. 

The  Russian  Loess  may  be  defined  as  a  yellow-brown  aandj  clay, 
very  often  rich  in  grains  of  quartz  and  flakes  of  mica,  extremely 
compact  when  an  attempt  is  made  to  dislodge  it  in  large  pieces; 
yet  so  loosely  aggregated  as  to  flow  through  the  fingers  on  the 
slightest  friction.  There  are,  however,  secondary  additions  of  very 
great  importance,  amongst  which  humus  and  carbonate  of  lime  hold 
the  most  prominent  place.  In  pursuing  the  subject,  I  propose  to 
take  the  facts  in  the  order  in  which  I  have  observed  them,  reserving 
a  discussion  of  the  theoretical  conceptions  arising  therefrom  to  the 
end  of  the  paper. 

The  town  of  Kieff  is  not  only  remarkable  as  the  centre  of  the 
Greek  Church,  the  spiritual  metropolis  to  which  the  heart  (and 
generally  the  steps)  of  every  true  orthodox  Russian  turns  during 
some  period  of  his  lifetime,  but  is  also  of  a  peculiar  interest  from 
a  geological  standpoint,  owing  to  the  magnificent  sections  which  are 
here  exposed  to  view.  I  had  the  additional  advantage  of  being 
conrl noted  to  the  principal  points  of  interest  by  Prof.  Armachevsky, 
of  Kieff  University,  who,  with  the  kindness  so  often  to  be  met  with 
in  Russia,  took  a  large  amount  of  trouble  in  introducing  the  various 
geological  features  to  l>e  seen  in  the  neighbourhood.  It  may  be 
bri<'fly  stated  that  the  exposures  display  a  complete  view  of  tbe  West 
Russian  Tertiary  and  Quartemary  strata,  and  serve  as  a  good  index 
to  tlie  be<ls  of  similar  character  which  cover  the  greater  part  of 
Central  South  Russia. 

The  town  itself  is  situated  on  high  ground,  300  feet  above  the 
river  Dnieper,  the  frontage  to  the  river  being  formed  by  a  steep  cliflf 
like  escarpment  The  summit  is  covered  by  70  feet  of  Loess,  which 
itself  overlies  a  considerable  thickness  of  glacial  clays  filled  with 
lK)uMers  derived  from  Scandinavia  and  Finland.  This  evidence  of 
the  relative  age  of  the  two  deposits  is  of  some  interest  as  bearing 
upon  the  origin  of  the  former.  A  similar  relationship  has  been 
fre(]uently  observed  in  other  countries ;  Fallon  noticed  it  in  Saxony, 
while  Foetterie  (Verhand  K.  K.  Reich sanstalt,  1889,  pp.  102-10^), 
Stur  and  Wolff  have  remarked  the  same  in  Galicia.  Whilst  in  general 
tbe  quartz-grains  enoloned  m  tYv©  \jo^«%  wc^«vm^«c  \\i  wi^^  vnsA^tioas 
not  unfrequent     Tbwa  aX  Ui^^  \m^x  wmA'w^  ^\\i^  w*sQst^ 
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.which  may  be  over  one-fourth  of  an  inch  in  diameter,  far  ezoeeding 
the  general  average  of  their  fellows. 

lu  a  brickyard  to  the  S.  of  the  town  a  further  point  of  interest 
is  displayed,  a  point  indeed  to  which  Prof.  Armaohevsky  attaches 
great  importance.  The  higher  part  of  the  quarry  is  formed  of  a 
very  fine  white  sand,  supposed  to  be  of  Miocene  age.  Its  surface 
had  evidently  undergone  considerable  denudation  before  the  super- 
jacent deposits  were  laid  down  upon  it.  These  consist  of  a  thick 
layer  of  Loess,  which  is  markedly  stratified  at  the  base,  the  stratifi- 
cation lines  agreeing  with  the  slope  of  the  denuded  sand-surface 
beneath.  Prof.  Armachevsky  regards  this  as  a  strong  proof  of  the 
action  of  running  water,  and  has  pointed  out  numerous  similar  cases 
in  his  work  on  the  Tchernigov  Government,  as  at  pp.  12,  14.  In- 
deed, in  almost  every  exposure  mentioned  by  him  in  the  N.  E.  of 
that  government  the  same  stratified  condition  of  the  base  of  the 
Loess  is  noted,  pointing  to  a  different  process  of  deposition  during 
the  earlier  portion  of  the  period  in  which  it  was  forming. 

At  the  back  of  the  town,  this  sandy  clay  is  undergoing  rapid 
denudation,  giving  rise  to  very  broken  ground,  the  many-branched 
ravines,  which  are  one  of  its  peculiarities,  being  clearly  marked. 
This  feature,  though  already  noticeable  in  the  upper  parts  of  the 
Dnieper  basin,  attains  an  enormous  development  on  the  Steppe 
plateaux  which  lie  between  the  town  of  Ekaterinoslav  and  the 
Krivoi  Rog  haematite  mines. 

In  these  districts  deep  gorges  are  formed  under  the  influence  of 
atmospheric  waters,  percolating  through  the  extremely  porous  soil. 
Possibly  owing  to  the  capillary  texture  produced  in  it  by  the  roots 
of  plants  penetrating  perpendicularly  through  it,  the  Loess  tends  to 
split  in  a  vertical  manner.  This  occurs  during  the  hot  summer 
period,  then,  when  the  rains  come  on,  the  water  finds  its  way  down 
the  cracks,  and  large  pieces  are  flaked  off,  leaving  almost  per- 
t»endicnlar  walls.  These  precipitous  ravines,  piercing  far  into  the 
table-lands,  give  to  the  scenery  (paradoxical  though  it  may  appear 
to  say  so)  an  almost  mountainous  character,  the  general  effect  being 
enhanced  by  the  vastness  of  the  setting.  To  so  alarming  ah  extent 
has  this  action  spread,  that  the  railway  joining  Ekaterinoslav  and 
the  al)Ove  mines  is  now,  in  many  places,  only  a  few  yards  from  the 
edge  of  the  abyss,  and  special  precautions  have  to  be  taken  to 
divert  the  drainage  from  points  which  are  in  most  imminent  peril. 
Sometimes  the  wearing  away  begins  from  below,  where  the  Loess 
meets  the  river,  the  ravine  then  slowly  works  its  way  into  the 
plateau  branching  out  into  wider  and  wider  ramifications. 

At  other  points,  far  away  from  the  drainage  areas,  the  Loess 
blends  with  the  other  surface  deposits  in  giving  rise  to  broad 
continuous  Steppe  plains,  devoted  in  large  measure  to  the  cultivation 
of  cereals,  and  extending  in  almost  unbroken  sequence  to  the 
foot-hills  of  the  Carpathians.  On  the  virgin  soil  not  occupied  by 
the  agriculturist,  the  abundance  of  Eupborbiaoeous  plants  was 
especially  noteworthy. 
JBdving  thus  br'wQy  dealt  with  flie  "S^W.  wA"^*  ^^al«^  ^^  '^^ 
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South  Central  tract  iiii<1er  oonaideration,  we  tnaj  now  examine  the 
conditions  prevalent  at  Eharkoffl  the  capital  of  Little  Russia.  The 
town,  though  situated  between  and  on  the  banks  of  two  iniporttnt 
tributaries  of  the  Donetz,  has.  nevertheless,  higher  ground  both  on 
the  N.  and  W.,  and  a  casual  inspection  shows  that  Loess  here  plays 
an  important  part.  This  is  especially  well  seen  in  a  ravine,  at  the 
fiK)t  of  the  low  hill  on  which  the  Technological  Institute  is  situated. 
Tlie  base-rock  is  composed  of  a  greenish,  sandy  rock,  which  is  very 
nnfossiliferous,  having  only  yielded  a  few  Bryozoa.  It  is  regarded 
as  Oligocene  by  Professor  Barbot-de-Mamy.  This  rock  has  been 
denuded  in  many  places,  the  hollows  being  completely  filled  op 
M'ith  a  brown-red  Loess  deposit.  At  some  points,  indeed,  on  one 
side  of  the  ravine  the  escarpment  appears  to  be  entirely  of  green- 
sand  rock,  while  on  the  other  the  red  clay  alone  is  visible.  A  closer 
inspection  of  this  clay  shows  it  to  possess  a  very  perfect  capillary 
structure,  the  tubes  being  filled  inside  with  a  carbonate  of  lime 
coating,  and  being  evidently  originally  caused  by  similar  root  fibres 
to  those  which  still  penetrate  the  soil  in  all  directions.  Further  up 
the  gully,  the  colour  changes  from  red  to  white,  the  transformation 
being  due  to  the  presence  of  calcareous  concretions,  aggregated  in 
such  large  quantities  that  they  simulate  a  bed  of  rubbly  chalk.  In 
reality,  however,  this  is  merely  an  exaggerated  case  of  an  occurrence 
which  is  very  frequent,  and  indeed  general  in  the  Loess  of  Southern 
Eussia,  and  thus  brings  it  into  line  with  similar  deposits  occurring 
on  the  Rhine,  in  Austria,  and  in  China.  Another  variety  is  dis- 
played here,  which  demands  special  attention,  as  throwing  some 
liglit  on  the  origin  of  the  Black  Earth.  A  close  examination  enables 
us  to  trace  a  gradual  transition  from  the  ordinary  yellow-red  sandy 
clay,  through  a  Loess  moderately  rich  in  humus  materials,  to  a 
small,  but  distinctly-marked  layer  of  Black  Earth,  which  forms  the 
surface-layer  in  the  cliff-face. 

A  similar  relationship  on  a  far  larger  scale  was  observed  by  me 
while  visiting  the  Bielgorod  district  Here,  in  a  small  cutting,  or 
quarry  on  the  Steppe,  are  to  be  observed  some  five  feet  of  ordinary 
Looss,  rich  in  quartz-grains,  snnuonnted  by  four  feet  of  dark-brown 
"Black  Earth"  (this  is  scarcely  ever  truly  black,  being  more  usually 
of  a  dark-brown  colour).  Tlie  latter  also  contained  an  innumerable 
quantity  of  fair-sized  (one-eighth  of  an  inch  in  diameter)  grains  of 
quartz,  which  glittered  brilliantly  in  the  strong  sunlight.  Close  to 
the  point  of  junction,  no  sharp  demarcation  line  could  be  drawn, 
little  seams,  or  folia,  of  Black  Earth  having  been  formed  in  the 
Loess  itself.  Such  inter-bedding,  frequently  observed,  has  led  me 
to  the  conclusion  that  Black  Earth  is  really  a  humus-rich  modifica- 
tion of  Loess,  and  other  facts  tend  to  confirm  this  view. 

In  this  connection  also  an  interesting  section  at  EharkofF  may  be 
mentioned.  It  consists  of  a  hollow  in  the  greensand  rock,  which 
has  been  since  filled  up  by  very  varj'ing  materials.  Thus  at  the 
base  is  a  soft  sandstone,  following  the  slope  of  the  little  basin. 
Above  it  lies  a  ferruginous  sand,  which  in  turn  is  covered  by  true 
Loess.    The  upper  part  becomes  very  rich  in  humus,  and  finally 
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passes  into  a  layer  of  true  Black  Earths  The  whole  is  Only  aboat 
three  feet  in  thickness. 

The  above  most  not  be  confounded  with  a  similar  occurrence 
which  differs  only  in  the  fact  that  the  humus  occurs  near  the  base, 
instead  of  at  the  upper  part  of  the  Loess.  This  character  is  very 
frequent,  and  may  perhaps  have  a  special  significance,  but  I  have 
been  unable  to  obtain  sufficient  evidence  beariug  on  this  point 

The  following  conclusions  may  be  formulated  : — 

1.  In  general  the  Kussian  Loess  contains  quarts  grains  of  ap- 
proximately equal  size. 

2.  It  is  usually  unstratified,  but  in  certain  districts  possesses 
well-marked  stratification  at  the  base. 

3.  It  possesses  typical  capillary  structure. 

4.  It  has  a  tendency  to  split  in  a  vertical  direction,  giving  rise  to 
perpendicular  walls. 

6.  It  is  often  very  rich  in  carbonate  of  lime  and  humus. 
Finally,  in  its  wider  sense  it  may  be  distinguished — 

(A)  By  its  irregular  vertical  and  horizontal  distribution. 

(B)  Its  practical  independence  of  the  subjacent  strata. 

It  would  be  interesting  to  know  how  far  (B)  is  an  absolute  truth. 
It  seemed  to  me  that  the  calcareous  concretions  appeared  to  be  more 
common  in  the  districts  adjoining  Cretaceous  outcrops,  that  in  the 
Permian  districts  the  Loess  was  redder  in  colour,  perhaps  due  to  an 
intermixture  of  Permian  red  sands,  whilst  near  the  Archaean  gneisses 
mica  and  felspars  are  more  common  constituents.  Such  changes 
might  indeed  be  due  to  wind  action  alone,  as  these  small  peculiarities 
are  often  observable  some  distance  from  the  rock  outcrop,  to  whose 
presence  they  may  have  been  originally  due.  Positive  proof  or 
otherwise  could  only  be  given  after  long  and  patient  research. 

The  evidence  adduced  would  be  incomplete  without  some  account 
of  the  palseontological  contents.  Indeed,  the  results  are  so  similar 
to  those  obtained  in  other  parts  of  Europe,  that  they  lend  final  con- 
firmation to  the  view  that  the  Loess  of  Russia  is  more  or  less  coeval 
with  the  Loess  of  Central  and  Western  Europe. 

My  own  conchological  finds  were  too  meagre  to  enable  me  to  make 
absolute  statements  on  this  subject ;  but  happily  evidence  -is  forth- 
coming from  other  sources. 

One  of  these,  Mr.  Belt's  "  Steppes  of  Southern  Russia  "  (Q. J.G.S., 
vol.  xxxiii.  1877,  pp.  843-862),  contains  several  lists  of  the  shells 
collected  by  him  while  on  a  short  journey  in  S.  Russia.  Amongst 
those  mentioned  the  familiar  forms  of  Helix  hinpida,  Suceinea  oblonga, 
and  Pupa  marginata  may  be  noticed.  Another,  Prof.  Armachevsky's 
**  Geology  of  the  Tchernigov  Government,"  also  contains  much  local 
information  on  this  point,  but  being  in  the  Russian  language,  is  not 
BO  readily  accessible  to  the  general  reader.  On  p.  16  of  the  latter 
work  a  deposit  of  Loess  is  mentioned  as  occurring  near  the  valley  of 
the  Desna,  in  the  above  government  It  contains  calcareous  con- 
cretions, and  lies  unconformably  on  the  Cretaceous.  The  following 
shells  were  met  with  :  Pupa  muscorum,  Suceinea  ohionga,  and  Helix 
hi$pida.     After  mentioning  a  large  number  of   similar  cases  he 
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oondudefl : — **  In  the  Loem,  as  we  have  seen,  the  shells  of  moUnsci 
are  very  often  met  with,  belonging  to  the  species  Piipa  muicorun^ 
Suecinea  oblongOf  Helix  hiMpida,  and  Piaidinm  HenalawianuiiL  TheM 
usually  are  found  aggregated  in  special  localities.  Not  seldom  alse 
occur  in  it  bones  of  Mammals,  in  which  I  myself  have  found  the 
remains  of  ElephoB  primigenius,  Bkinocerog  iiekorhinus,  and  E^tu 

The  Mammoth  remains  which  are  so  numerous  in  ihe  Don  area 
also  hail  from  this  deposit  Indeed,  so  common  are  such  Mammalian 
finds,  that  bones  are  constantly  being  brought  to  light  in  all  parts  of 
ihe  country. 

Thus,  whilst  I  was  staying  at  Hughesevo,  the  mining  centre 
of  the  New  Russia  Company,  Mr.  Williams,  the  mines  manager, 
showed  me  two  large  bones  which  had  been  obtained  whilst  con- 
structing a  dam  in  the  neighbourhood.  These  proved  to  be  a  femur 
and  a  tibia,  which  from  the  descriptions  given  of  the  other  parts 
which  were  not  preserved  must  have  been  those  of  a  Bos.  In 
the  same  locality  I  obtained  shells  of  Fupa,  probably  from  shape 
and  size,  of  Fupa  muscornm. 

Again,  in  the  N.  of  the  Eharkofif  Government,  during  excava- 
tions being  carried  out  on  the  estates  of  a  proprietor  living  near 
Bielie-Polie,  a  fine  Eqnu$  tooth  was  met  with.  These  are  but  two 
examples,  taken  from  widely-separated  points,  going  to  prove  how 
wide-spread  the  Mammalian  fauna  must  once  have  been,  and  how 
complete  is  its  annihilation.  The  fauna  of  the  Russian  Loess  there- 
fore resembles  that  mentioned  by  Braun  as  occurring  in  the  Rhine 
Valley,  and  at  Toulouse,  while  the  Mammalian  remains  no  less 
recall  those  met  with  all  over  the  European  continental  area. 

Theories  as  to  ihe  Origin  of  Loess, 

Already,  in  1845,  this  deposit  had  attracted  the  attention  of  Sir 
R.  Murchison,  but  some  of  the  facts  which  now  with  longer  research 
have  been  brought  to  light,  had  then  escaped  his  notice.  Thus  he 
will  not  consent  to  regard  the  tchornozem  (for  under  this  name  he 
includes  both  the  Loess  and  the  Black  Earth)  as  equivalent  to  the 
Rhine  Loess,  because  the  latter  is  only  found  on  the  sides  and 
bottoms  of  the  great  valleys,  whereas  the  tchornozem  is  found  at  all 
levels  without  relation  to  the  existing  form  of  the  land.  He  also 
asserts  that  it  has  no  terrestrial  or  fluviatile  remains  (Russia  and 
the  Urals,  p.  562).  Ue  accounts  for  it  as  being  fine  mud  or  silt, 
formed  in  the  sea,  and  extending  southwards  from  the  points  where 
the  northern  icebergs  ceased  to  advance.  The  marine  shells  might 
have  been  decomposed  during  slow  elevation  by  aqueous  and 
atmospheric  agency.  It  must,  however,  in  justice  be  stated  tliat 
the  possibility  of  its  formation  in  great  lakes  is  suggested. 

Of  course,  all  the  evidence  at  present  adduced  shows  Murchison*s 

view  to  be  entirely  untenable,  and  like  the  similar  ideas  propounded 

by  Bennigsen   Forder  and  Fallou  for  the  German    Loess,  it  now 

possesses  a  purely  bistqrVcaV  mlatftftX..    ^o  ^oxiNax.  Vv.  hi^a  ^^\\l^  bajsed 

on  the  proofs  of  a  greater  ©x.twittvo\x  ol  >i>ci^  KxiX^-^^^xwi.  wA'^^b^ 
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Seas  which  are  so  abundant  in  8.E.  Russia.  (I  have  sometimes 
wondered  whether  such  an  extension  might  be  the  result  of  the 
elevation  of  the  sea-level  due  to  the  nearer  presence  of  an  ioe-sheet, 
suoh  as  has  been  suggested,  if  I  mistake  not,  by  the  Bev.  O* 
Fisher,  Dr.  CroU,  and  others.) 

A  far  more  important  suggestion  was  that  made  by  Sir  C.  Lyell 
for  the  Rhine  sandy  olays  (Principles  of  Geology,  chap.  xvi.).  The 
origin  of  the  materials  is  attributed  to  glacial  action  during  the 
ice-period,  and  he  accounts  for  the  homogeneity  of  the  materials 
as  being  due  to  the  same  cause.  The  Loess  itself  is  in  reality  a 
fiuviatile  silt  deposited  in  the  lower  reaches  of  the  river  by  the 
action  of  floods.  To  account  for  its  enormous  extent,  and  consider- 
able elevation,  Sir  0.  Lyell  called  in  the  aid  of  numerous  elevations 
and  depressions,  although  assigning  no  particular  reason  for  such 
important  earth-changes. 

Prof.  Heer  (Urwelt  der  Schweiz.  p.  521)  held  that  Loess  was 
sand  and  mud  deposited  from  glacial  torrents. 

Mr.  Belt,  in  the  work  above  mentioned,  and  in  numerous  others 
dealing  with  various  parts  of  the  globe,  regarded  the  materials  as 
being  due  to  the  flooding  which  would  result  if  an  ice-sheet  blocked 
up  the  mouths  of  the  rivers  and  occupied  the  marine  basins.  I 
do  not  know  what  grounds  there  are  for  believing  such  a  formidable 
advance  of  ice  to  have  taken  place,  and  although  such  a  great  lake 
lying  between  the  ioe-sheet  and  the  southern  mountain  barrier  may 
explain  a  few  features,  the  vertical  irregularities,  the  great  abundance 
of  land-shells,  and  the  want  of  stratification  still  remained  as  great 
a  mystery  as  ever.  Agassiz  (Jahrbuch  fiir  Mineralogie,  1867,  pp. 
676-680),  lent  his  powerful  support  to  the  lake  deposition  view. 

It  was  noty  however,  until  the  appearance  of  Baron  von  Richthofen's, 
"China,"  Vol.  I.  (see  chap,  v.)  that  the  great  forward  step  was  taken 
in  the  discussion  of  the  subject,  and  an  explanation  was  given  which 
satisfied  a  large  number  of  then  existing  difficulties.  One  important 
factor,  the  wind^  had  till  then  been  entirely  overlooked,  and  was  now 
at  one  bound  to  explain  the  fommtion  of  some  of  the  most  prominent 
deposits  met  with  on  the  surface  of  the  earth.  But  if  I  under- 
stand  him  anght.  Baron  von  Richthofen  demands  certain  physical 
conditions,  which  shall  be  favourable  to  Loess  fonnation.  They  are : 
1st.  An  area,  which  shall  be  almost  entirely  unconnected  with  the 
main  drainage,  to  use  his  own  words,  an  ''  abflussloses  Becken." 

2nd.  Thus  deprived  of  any  means  of  outlet,  the  water  and  its 
contained  salts  would  settle  in  the  hollows  giving  rise  to  salt  lakes, 
which  finally  by  evaporation  would  become  salt  steppes.  These 
dry  lake-bottoms  thus  exposed  are  subjected  to  subaerial  action 
alone,  wind  being  especially  active  in  the  redistribution  of  the 
component  particles.  Loess  may  also  be  formed  directly  by  the 
denuding  power  of  wind  action  alone,  quite  independently  of  the 
above  physical  conditions. 

In  the  first  case,  as  soon  as  an  exit  was  provided,  denudation 
bc^n.     The  salts,  previously  collected  m  l\ift  W2?^^  w^\^"w^^\  ^>\V, 
Mud  the  oBoe  barren  Steppe  beooine&  Sb  ituxXSxjX.  ^«cbl^  ^\A  '^^ 


666  W.  JP.  Sums  ^Noies  on  Ruuian  Oeologp. 

^  wilderness  blossoms  and  rejoices  like  the  rose.^  Indeed,  it  but 
adds  another  to  the  numerous  examples  of  contrast  which  so  oon- 
stantly  occur  in  science,  for  we  should  scarcely  expect  dreary  salt 
deserts  to  be  the  spots  which  should  subsequently  become  the  richest 
corn-growing  districts  of  the  world. 

Supported  as  the  above  theories  are,  by  wealth  of  argument,  by 
wide  experience,  and  by  a  vast  knowledge  of  the  literature  of  the 
subject,  they  must  ever  remain  as  central  cores  round  which  the 
the  future  development  of  the  question  shall  crystallise. 

Criticisms  have,  however,  arisen  especially  as  regards  the  want 
of  stratification.  Thus  in  the  early  part  of  this  year  Mons.  G.  Capos 
(Comptes  Rendus,  April  19,  1892),  argued  that  the  greater  part  of 
the  Loess,  especially  in  Turkestan,  must  have  been  formed  uoder 
water.  He  bases  this' view  on  the  presence  of  stratification,  variations 
in  composition,  and  the  occasional  presence  of  conglomerates,  though 
be  admits  that  many  local  but  small  accumulations  may  be  due  to 
wind  action. 

Prof.  Armachevsky  has  also  propounded  a  theory  for  the  Russian 
Loess,  based  upon  his  observations  in  the  Tchemigov  Government 
He  expresses  himself  as  follows : — 

''The  action  of  atmospheric  water  in  sharply-rising  places  is 
double.  By  energetic  and  unequal  action  the  mass  of  mineral  parts 
is  carried  away  and  deposited  in  hollows,  or  fills  up  any  inequalities. 
By  weak  and  regular  action,  waters  flowing  from  gentle  slopes  u 
•mall  streams,  expend  their  energies  in  partly  wearing  away  the 
irregularities  which  are  to  be  found  in  those  places,  distributing  their 
materials  over  the  places  themselves.  Snob  an  action  of  the  water 
in  sharply  rising  places,  in  oonnection  with  the  fact  that  the  Loess  is 
only  found  in  such  places,  permits  us  to  assert  that  the  Loess  owes  its 
origin  to  the  action  of  such  scarcely-to-be-observed,  gentle  streams, 
which,  flowing  along  the  slopes  from  higher  to  lower  positions,  dis* 
tribute  their  mineral  load  along  the  road.  The  following  facts 
support  this  view  : — 

(1)  The  underlying  stratified  clays  and  sands  containing  gravel 
show  undoubted  proof  of  the  action  of  water.  Loess  is  closely  bound 
with  them,  so  that  it  is  difficult  to  believe  that  they  have  different 
origins.  The  sands  and  clays  are  deposits  formed  on  dry  land  by 
means  of  flowing  water,  the  action  of  which  was  less  regular  than 
when  Loess  was  laid  down. 

(2)  Loess  in  a  horizontal  direction  passes  over  into  stratified 
sands. 

(3)  The  underlying  strata  have  undergone  great  denudation, 
giving  rise  to  inequalities  and  deepenings  afterwards  partly  filled 
with  Loess. 

It  will  be  seen  from  the  above  references  how  different  are  the 
views  which  have  been  propounded  on  this  subject  In  reconsidering 
the  question,  it  seems  advisable  to  ask  :  1st.  what  was  the  geological 
history  of  the  country  before  the  Loess  period,  and  2ud,  what  was  its 
physical  history  afterwards,  viz.,  at  the  present  day. 

1st  In  Eocene  times  the  whole,  or  greater  part  of  S.  Russia 
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appears  to  haTe  been  covered  by  the  nea,  the  shore  line  being  found 
in  the  N.  of  the  TcbemigoT  Government,  as  evidenced  by  the  broken 
fragments  of  Belemnites  and  Phosphoritio  nodules  which  occur  at 
the  base  of  the  Lower  Tertiaries.  To  this  period  belong  the 
Spondylian  Blue  Clays  of  Kieff,  similar  beds  having  also  been  proved 
to  exist  in  the  other  governments  mentioned  at  the  beginning  of  this 
article. 

In  the  Crimea,  too,  the  ubiquitous  Nummulites  appear  to  have 
found  a  congenial  home. 

The  Northern  Continent  seems  to  have  slowly  advanced  south- 
ward, for  the  clays  are  overlaid  by  an  important  series  of  glauconitio 
sands,  containing  amber  and  plant  remains.  This  succession  is 
well-marked  in  the  Kieff,  Kharkoff,  and  Poltava  Governments. 
Indeed,  in  Miocene  and  Pliocene  times  S.  Russia  becomes  sharply 
divided  into  two  areas :  the  Northern  half,  in  which  a  thickness  of 
unfossiliferous  sands  (ferruginous  or  beautifully  fine  and  white), 
succeed  the  amber-bearing  beds,  and  separate  them  from  the 
vari^^ted  and  freshwater  clays  which  preceded  the  glacial  clays 
and  the  Loess ;  and  a  Southern  half,  in  which  a  marine  fauna  still 
flourished,  although  even  here,  too,  the  sea  was  gradually  driven 
back  Jtill  the  present  outlines  were  more  or  less  clearly  defined. 

Indeed,  the  facts  seem  to  point  to  a  gradual  southward  advance  of 
the  land  area,  or,  as  Professor  Suess  would  have  it,  retreat  of  the 
sea ;  an  advance  checked  it  may  be  for  a  time  by  the  presence  of  an 
ice-sheet,  and  the  consequent  changes  involved  thereby. 

As  Professor  Suess  has  pointed  out,  there  appears  to  be  a  very 
intimate  relation  between  the  Loess  and  the  Glacial  Drift.  In 
N.  Russia  there  is  nothing  but  Glacial  Drift  at  the  surface,  while  in 
the  South  the  Loess  entirely  takes  its  place,  but  between  them  is  a 
band,  passing  into  Galicia  and  Saxony,  a  band  along  which  the  Loess 
overlies  the  Glacial  Drift,  and  it  is  just  along  this  line  that  the  basal 
stratification  is  most  clearly  marked.  This  relationship  appears  too 
striking  to  be  casual,  and  I  am  inclined  strongly  to  regard  the  original 
constituents  of  the  Loess  as  being  the  finely -ground  materials  due  to 
the  oombined  action  of  the  ice-sheet  and  the  increased  drainage 
activities  resulting  therefrom.  I'his  appeared  to  be  the  answer  to 
the  question  which  thus  presented  itself.  Here  is  a  vast  deposit  in 
whicb  evidently  denudation  is  now  exceeding  deposition.  Can  the 
original  materials  of  such  a  deposit  have  been  originally  derived 
from  actions  which  are  still  proceeding  in  the  same  area,  or  must 
some  other  explanation  be  sought  for  their  origin  ? 

Though  the  above  cause  may  give  a  clue  to  the  origin  of  the 
materials,  other  actions  may  by  no  means  be  left  out  of  account. 
There,  are  for  instance,  speculations  which  may  become  important 
if  based  on  sufficient  proof.  Thus,  is  the  earth  sufficiently  plastic 
to  be  compressed  by  a  mass  of  ice  resting  for  lengthened  periods  on 
the  same  tract,  and  if  so,  would  the  depression  have  a  corresponding 
elevation  at  some  distance  away  ?  Even  a  small  elevation  in  the 
S.  of  the  Russian  Empire  would  be  sufficient  to  convert  the  central 
traots  into  an  "abflussloses  Beoken; "  but  I.  know  of  no  evidence 
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in  faTonr  of  moanUins  able  to  cat  off  the  rain-laden  whida  aadi  ai 
are  demanded  by  Richthofen.  On  the  whole,  8.  Buaaia  does  not 
aeem  to  satify  the  conditions  faTOurable  to  the  origin  of  a  tmewind« 
blown  LoesH.  If  snch  elevation  did,  indeed,  take  place,  it  would  be 
•nfficient  to  convert  the  region  between  the  ioe-aheet  and  the  tea 
into  one  vast  tundra  or  series  of  tundras.  Even  without  snch 
elevation,  the  effect  of  the  presence  of  the  ice-sheet  upon  the  river* 
drainage  would  perhaps  be  of  such  a  character  that  we  at  the  present 
day  might  be  almost  unable  to  grasp  its  full  significance. 

2nd.  Leaving  these  speculative  ideas,  let  me  aak  what  are  the 
actual  physical  agencies  which  are  at  work  during  the  course  of  a 
year,  and  what  light,  if  any,  they  throw  on  the  points  nnder  dis- 
cussion. The  autumn  may  be  taken  as  a  convenient  starting-point 
Immediately  the  summer  heats  are  over,  rain  becomes  more  frequent, 
thoroughly  saturating  the  porous  soil,  which  during  the  early  frosts 
is  rent  in  all  directions  owing  to  the  freezing  of  the  contained 
moisture.  The  winter  snows  which  follow,  protect  the  land  for 
four  or  five  long  months  from  further  denudation,  whilst  overhead 
they  are  whirled  into  a  fierce  blinding  metiel  by  the  piercing  east 
wind.  It  is  not  till  March  that  the  denuding  forces  are  again  let 
loose. 

With  the  return  of  warmer  weather,  ice  and  snow  begin  to  melt 
Every  small  stream  becomes  a  rolling  torrent,  every  river  spreads 
out  on  both  sides  into  a  vast  lake  area.  The  flood-gates  are  opened, 
and  the  denuding  action  that  takes  place  in  the  upper  reaches  is 
only  equalled  by  the  deposition  which  must  occur  in  the  lower  parts 
of  the  river-basins. 

One  or  two  examples  may  show  the  energy  which  is  thus  un- 
locked at  this  period.  I  have  seen  trickling  streamlets  which 
could  be  crossed  at  one  step  in  summer  converted  into  rushing 
torrents  30  feet  wide,  and  some  20  feet  deep,  bearing  away  in  their 
mad  rush  the  remains  of  the  wooden  bridges  which  had  been 
thrown  over  them  higher  up  the  stream.  Sometimes  during  summer 
very  curious  contrasts  may  be  witnessed,  llius,  at  the  village  of 
Mandreekin,  near  Hnghesevo,  three  great  wooden  ioe-breakers  were 
standing  in  a  dry  bed,  whilst  near  by  rose  up  two  massive  stone 
abutments,  the  sole  remnants  of  what  had  once  been  a  solidly-built 
bridge.  The  only  trace  of  the  river  consisted  of  two  stagnant  pools, 
se]>arated  by  a  considerable  distance  of  marsh  and  dry  dusty  land. 
This,  indeed,  is  the  summer  condition  of  the  minor  Russian  rivers. 
One  more  example  will  suffice.  In  spring  the  Psiol  regularly 
overflows  its  banks,  and  rowing  is  indulged  in  to  a  great  extent  hy 
neighbouring  landowners  (whose  property  is  often  to  a  large  extent 
under  water),  the  only  danger  being  due  to  the  trees  which  are 
sometimes  completely  hidden  nnder  the  flood- waters,  lliis  flooding, 
again,  is  the  rule  with  all  the  Russian  streams. 

It  is  remarkable  with  what   rapidity  the  waters   disappear  as 
soon  as  the  summer  sun  attains  its  full  power.     Roads  previously 
impassable  become  tracks  dee^  vcv  «&xid.,  wcA  >Dci^  n^'ycA  ot  <fcA  air- 
con-eiitfl  caused  by  differenoe%oi  \fcm^T«\.\«<6\iKs^  t^xoA^aX.  \£!L\i^Kc>a^ 
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upon  whicb  to  exert  a  redistributive  action.  On  the  Ekaterinoslav 
SteppeB  on  a  hot  day,  we  have  obeerved  as  many  as  ten  or  twelve 
dust-clouds  (resembling  water-spouts  when  seen  at  a  distauce), 
rushing  along  over  the  vast  plains,  unimpeded  by  any  obstacles,  and 
frequently  attaining  a  height  of  from  30  to  40  feet 

What  the  force  of  the  wind  sometimes  is  may  be  judged  from  the 
fact  that  on  some  rare  occasions  the  waters  of  the  river  Don  have 
been  driven  back  under  its  influence  for  a  distance  of  over  eight 
miles,  the  ships  remaining  high  and  dry,  while  the  Sea  of  Azov  is 
then  evidently  seen  to  lie  in  a  saucer-like  depression.  Such  a  force 
is  evidently  one  by  no  means  to  be  ignored  in  considering  the 
physical  activities  which  are  at  present  altering  the  earth*s 
surface. 

It  is  especially  interesting  in  the  more  hilly  districts  to  see  the 
clouds  of  dust  being  driven  up  the  long  slopes,  shewing  the  means 
by  which  high  elevations  may  be  covered  with  Loess.  Thus  in  the 
annual  cycle  the  principal  physical  forces  coming  into  play  are — 
1.  Rain.  2.  Frost.  3.  Rivers  in  Flood.  4.  Wind.  With  the 
greater  differences  of  temperature  which  previously  existed,  the 
first  three  would  probably  be  far  more  active,  that  is  to  say,  if  the 
river-beds  were  defined  as  they  are  now. 

It  will  be  noticed  that  our  area  is  now  drained  by  three  important 
rivers,  the  Dnieper,  Donetz,  and  Don,  whose  basins  separate  higher 
plateaux  lands.  Thus  on  the  W.  of  the  Dnieper  is  a  Sub-Carpathian 
table-land,  between  the  Dnieper  and  the  Don  is  a  Central  table-land. 
Finally,  to  the  E.  is  the  Volga  table-land.  All  these  exceed  500  feet 
in  height,  while  the  river-basins  between  them  never  reach  that 
level.  It  is  very  remarkable  to  notice  that  each  of  these  rivers  is 
pressing  on  the  eastern  edges  of  the  plateaux  which  abut  against  them 
as  steep  escarpments.  Von  Buch  considered  this  westward  advance 
of  the  river-valleys  as  being  due  to  the  rotation  of  the  earth. 

The  Loess  occupies  the  upper  summit  of  many  of  these  escarp- 
ments,  and  it  has  seemed  to  me  that  the  river  Dnieper  must  have  cut 
out  its  present  valley  since  the  Loess  period.  The  matter  is  one  that 
seems  to  call  for  further  study.  It  is  remarkable,  for  instance,  that 
the  Dnieper  for  a  long  distance  follows  the  line  of  the  Archaean  axis, 
yet  having  a  thin  band  of  gneisses  on  the  left  bank.  Below 
Ekaterinoslav  it  cuts  straight  across  the  Arcbasan  rocks,  giving  rise 
to  the  famous  cataracts  which  render  the  river  useless  for  navigation 
below  the  town  of  Ekaterinoslav.  It  seems  probable  that  the 
Dnieper  once  ran  at  the  point  of  surface  junction  between  the  gneisses 
and  some  softer  beds,  but  that  now  the  latter  have  been  denuded 
and  the  river  has  cut  its  bed  deep  into  the  underlying  gneisses. 

I  cannot  refrain  from  further  calling  attention  to  the  present 
physical  geography  of  S.  Russia.  The  Crimea  elevation  with  its 
volcanic  hills  appears  to  have* served  as  a  barrier  against  whicb  the 
land  has  been  piled  up,  separating  the  Sea  of  Azov  from  the  Western 
tongue  of  the  Black  Sea.  ,  But  this  does  not  explain  the  striking 
parallelism  between  the  course  of  the  tbxe^  %o\\\)[vbm Tvs«t%»  \^\w!oj 
be  only  a  coinoidence,  but  it  may  be  a\&o  tXi^A.  ^Sita^  ^<^^«t  ^su^aa*^ 
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miderUet  this  phenomenon.  Not  having  visited  the  sonthem  reaches 
of  these  streams  it  would  be  unwise  to  start  a  theory  without  actasl 
evidence  to  support  it 

At  the  present  day  there  is  still  some  apparent  tendency  to 
Southern  advance  on  the  part  of  the  Russian  Continent  The 
eruptive  activities  in  the  Taman  peninsula  are  causing  elevations 
which  may  eventually  close  the  entry  to  the  Sea  of  Azov  altogether. 
Meanwhile  the  Don  is  pouring  its  mud-laden  waters  into  the 
northern  end  of  the  same  sea.  Shipping,  that  within  the  memoiy  of 
men  now  living,  could  come  right  up  to  the  town  of  Taganrog,  has 
now  got  to  anchor  16  miles  outside  in  the  roadstead.  Yon  Baer 
iiideed.  held  that  the  Azov  Sea  is  undergoing  a  gradual  elevation. 

Similarly  the  N.  part  of  the  Caspian  Sea  is  slowly  retiring  or  dry- 
ing up,  and  the  great  rivers,  as  the  Volga  and  Dnieper,  are  becoming 
silted  up.  This  fact  was  strongly  impressed  on  my  mind  while 
our  steamer  was  fast  aground  for  about  twelve  hours  on  a  sand- 
bank in  the  latter  river,  while  the  peasants  apparently  standing 
in  mid-stream  were  only  up  to  their  waists  in  water. 

The  following  mlty  possibly  represent  the  sequence  of  events: — 
I.  The  Loess  particles  may  be  originally  derived  from  the  finely 
ground  material  resulting  from  the  wearing  of  the  subjacent  beds 
by  the  ice-sheet  II.  The  same  have  been  deposited  in  tundra-like 
depressions  under  the  influence  of  slowly-moving  waters,  or  by  the 
action  of  rivers  in  flood.  III.  This  deposit  under  more  temperate 
conditions  dried  up,  and  was  then  suitable  material  for  the  redistri* 
butive  action  of  the  wind. 

The  redistri butive  actions  are  still  at  work,  -but  denudation  is 
rapidly  proceeding,  giving  rise  to  the  broken  ground  which  lends 
such  8|>ecial  features  of  beauty  and  even  of  wildness  to  such  towns 
as  Eieff,  Poltava,  and  Eliarkoff.  Floods  every  year  transfer  Lioess 
to  the  lower  grounds,  whereas  wind  on  the  contrary  tends  to  carry 
it  higher  in  a  vertical  direction.  Plants,  with  their  penetrating  roots, 
steppe-rats  tarantulas,  and  worms  all  help  to  break  up  the  porous 
soil,  and  thus  assists  the  continuance  of  the  redistribution. 

The  Loess  country  is,  as  has  been  already  stated,  one  of  the  chief 
wheat  growing  districts  of  the  world.  It  satisfies  in  every  particular 
the  conditions  which  Berthelot  demanded  as  being  favourable  for 
the  fixation  of  Nitrogen  (Comp.  Rendus,  cvii.  20,  852,  etc.),  viz. 
a  soil  of  sandy  and  clayey  nature,  which  admits  of  free  access  of 
air  and  is  not  too  moist.  Also  it  must  have  been  rich  in  potash  and 
poor  in  nitrogen. 

Of  course  the  weathering  of  the  granite  rocks  on  the  W.  of  the 
Dnieper  must  be  constantly  adding  fresh  materials,  which,  under  the 
action  of  the  wind,  will  form  part,  or  has  helped  to  form  a  part,  of 
the  Loess  as  it  is  met  with  in  those  areas.  Indeed,  I  have  already 
mentioned  in  this  connection  that  in  the  neighbourhood  of  the 
Archtean  rocks  the  Loess  appears  to  be  much  richer  in  micaceous 
materials. 

The  belief  in  an  loe-sheet  aw^  ^^  Vra.Q«!&  o.^  \\&  ^'cl\axi  are  so  wide- 
spread that  I  need  scarceVy  oS^t  wi.  ^xaw.^  \q.\  xi&wi^  \\.  ^k^  \\w^^ 
aa  a  primary  cause  in  tlao  abo'v^  axVlv^^. 
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Again,  I  have  been  compelled  to  call  in  the  action  of  water, 
either  as  slowly  moving  rills,  as  rivers  in  flood,  or  filling  tundra- 
like depressions  to  explain  some  of  the  observed  phenomena,  espe- 
cially the  basal  stratification.  Nevertheless,  the  other  facts  pointing 
to  a  different  conclusion  are  too  numerous  to  allow  me  to  accept 
Prof.  Armachevsky's  views,  and  regard  the  whole  deposit  as  due 
to  the  action  of  atmospheric  waters. 

Lastly,  I  have  attempted  to  review  the  chief  physical  influences 
acting  on  the  region  at  the  present  day,  and  conclude  therefrom  that 
the  actual  condition  of  the  Russian  Loess  is  due  to  a  multiplicity  of 
causes,  which  have  been  acting  (with  greater  force,  perhaps,  in 
former  centuries)  through  a  very  long  period  of  time.  Not  the 
least  of  these,  as  explaining  the  abundant  land  fauna  and  the 
vertical  distribution,  is  the  wind  which  has  full  play  on  the  boundless 
Bteppe. 

I  also  trust  I  have  pointed  out  that  behind  the  origin  and 
distribution  of  this  great  deposit  lie  questions  of  physical  geography 
of  the  greatest  interest,  questions  which  alone  can  be  solved  by  a 
careful  and  detailed  special  examination  of  the  country  dealt  with 
in  these  pages. 

VIII. — Gbanitb. 

By  Thomas  R.  Struthbbs; 
Hon.  Assoc,  and  late  V.P.  Geol.  Soc.  Glasgow. 

I^HE  commonly  accepted  theory  of  the  origin  of  granite  Is  that, 
in  view  of  indications  that  it  had  been  subjected  to  great 
pressure,  it  was  formed  deep  in  the  earth*s  crust  in  a  molten  state, 
and,  after  consolidating,  thrust  up  through  it,  or  exposed  at  the 
surface  by  denudation.  This  theory  is  not  altogether  satisfactory, 
being  equivalent  to  an  assertion  that  a  stately  building  was  first 
constructed  and  its  foundation  laid  afterwards.  Like  some  other 
nnsatisfactory  theories,  it  has  been  so  often  reiterated  that  it  is 
tacitly  assented  to  as  authoritative,  on  the  principle,  we  suppose, 
that  what  everybody  says  must  be  true.  There  are  existing  con- 
ditions analogous  to  those  under  which  the  trappean  rocks  were 
formed,  as  illustrated  by  modern  submarine  and  subaerial  erupted 
rocks ;  but  the  conditions  under  which  primitive  granite  originated 
are  not  now  represented  in  any  part  of  the  world.  There  is  little 
difficulty  in  tracing  the  inorganic  constituents  of  all  rocks  back  to 
granite ;  but  there  is  no  proof  that  granite  was  derived  from  any 
pre-existing  rock. 

According  to  Hutton,  the  fundamental  rock  of  the  earth's  crust 
consists  of  the  reunited  debris  of  older  continents,  which  in  like 
manner  may  have  been  formed  of  the  reconstructed  wrecks  of 
anterior  terrestrial  areas,  and  so  on  backward  ad  infinitum.  In 
interpreting  Button's  theory  Sir  Charles  Lyell,  in  his  **  Principles," 
attributes  to  him  a  belief  that  "alternate  periods  of  general  dis- 
turbance and  repose  had  been,  and  would  for  ever  be,  th^  oci^r^ft.  <iC 
nature,"  We  do  not,  however,  suppone  iVial  "RwWow  Tcv%^x>\.Asi\s^ivfe\. 
on  this  illogioal  hypothesis,  and  aa  it  'waa  \)«&^^  QV^:^  ^"^  <j.%ws««.^ 
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facts,  it  may  now  be  ranked  among  the  ingenioaa  apeculations 
which,  in  early  times,  preceded  the  advance  of  science  to  such  a 
degree,  but  hypotheses,  however  ingenious,  have  little  prospect  of 
being  accepteil  now-a-days,  unless  based  on  incontrovertible  facts. 

It  muAt  be  admitted,  however,  that  although  the  first  principles  of 
the  Wemerian  and  Unttonian  'theories'  of  the  earth  are  unsatis- 
fnctory,  the  hypo(he8e$  of  these  propounders  of  the  two  opposite 
geological  doctrines  (we  cannot  consider  them  entitled  to  rank  as 
theories)  have  been  extremely  useful  in  giving  an  impetus  to  the 
accumulation  of  knowledge  and  in  the  search  for  truth ;  whilst  in 
the  course  of  their  investigations  both  Werner  and  Hutton  described 
and  explained  many  geological  phenomena,  and  thus  rendered 
important  aid  to  future  explorers,  who  again  did  good  service  to 
science,  even  in  the  correcting  of  such  errors  as  may  have  been 
made  by  the  original  observers. 

Stratified  rocks  must  originally  have  been  derived  from  unstrati- 
fied  rocks ;  and  the  inorganic  constituents  of  the  former  may  be 
traced  back  to  granite,  while  the  direct  relation  of  that  rock  to 
gneiss,  quartzite,  mica-schist,  and  clay-slate,  intimately  associated 
M'ith  it,  is  so  evident  as  to  leave  no  room  for  doubt  It  may  also  be 
observed  that  erupted  rocks,  whether  volcanic,  or  trappean,  have 
apparently  been  derived  from  granite,  for  in  common  with  them  it 
consists  mainly  of  silica,  alumina,  potash,  soda,  lime,  magnesia,  and 
iron  in  varying  proportions ;  and  according  to  Beete  Jukes,  "  if  we 
could  follow  any  actual  lava  stream  to  its  source  in  the  bowels  of 
the  earth,  we  should  in  all  probability  be  able  to  mark  in  its  course 
every  gradation  from  cinder  or  pumice  to  actual  granite." 

The  hydrothermal  conditions  under  which  granite  was  formed 
are  generally  acknowledged,  but  these  conditions  were  peculiar  to 
a  particular  period  of  the  world's  history,  when  a  sea  of  a  high 
temperature  overspread  its  entire  surface  before  any  dry  land  had 
appeared.  The  fir8t  terrestrial  surfaces  would  necessarily  consist 
of  portions  of  the  sea  bottom  elevated  by  volcanic  agency  after  it 
had  cooled,  consolidated,  and  contracted.  Had  no  such  upheaval 
taken  place  there  would  have  been  a  foundation  laid,  but  there  could 
have  been  no  superstructure  of  strata.  We  may  also  remark  that 
from  the  circumstance  that  granite  frequently  assumes  a  bedded 
form,  and  in  many  instances  contains  fragments  of  the  older  stratified 
rooks  evidently  enveloped  when  it  was  in  a  molten  state,  and  also 
that  it  has  been  observed  in  junction  with  them,  it  would  appear 
that  outbursts  of  the  newer  granite  must  have  taken  place  for  some 
time  after  the  elevation  of  the  first  dry  land,  from  which  the 
sedimentary  rocks  had  been  derived. 

The  structure  of  granite  indicates  pressure  during  consolidation ; 
but  in  accounting  for  this  it  is  not  necessary  to  adopt  the  current 
theory  of  its  origin,  for  the  sea,  the  depth  of  which  we  may  estimate 
at  two  miles,  would  exert  a  pressure  of  several  hundred  atmospheres. 
The  commonly  adopted  theory  of  the  origin  of  granite  appears  to 
be  based  upon  the  Huttonian  hypothesis  that  *'  it  was  elevated  from 
the  ocean,  raising  up  the  strata  before  it."     This  is  partly  true,  for 
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the  granitio  fonndation  of  the  earth's  orost  mast  have  participated 
in  any  upward  movement  of  the  superinoumhent  strata ;  hut  there 
must  have  heen  a  considerable  extent  of  granite  or  other  primeval 
rock  raised  above  the  sea-level  before  any  strata  could  be  deposited. 
The  bedding  of  granite  must  have  taken  plaoe  when  the  material 
was  in  a  molten  or  plastic  state,  free  to  flow.  -  The  beds  are,  as 
a  rule,  superimposed  upon  amorphous  granite,  and  have  been  traced 
to  rents,  not  only  through  the  subjacent  granite,  but  through  over- 
lying gneissose  and  schistose  strata  on  which  they  have  been  spread. 
The  distinction  between  bedded  and  amorphous  granite  is  well- 
known  to  granite  cutters,  the  former  having  what  they  call  a 
*  greek ' — a  cleavage  plane — which  we  would  suppose  to  be  parallel 
with  the  bedding,  and  a  key  to  the  extent  to  which  the  rock  has 
been  disturbed  by  convulsions  affecting  the  earth's  crust  Bedded 
granite  is  widely  distributed  in  the  British  islands,  and  many  other 
parts  of  the  world.  It  was  known  to  the  early  geologists  as  stratified 
granite,  in  accordance  with  the  Wernerian  supposition  that  '*  granite 
fell  down  first  from  the  Universal  dissolving  liquid."  Lyell,  in 
his  Manual,  observes:  "Granite  often  preserves  a  very  uniform 
character  throughout  a  wide  range  of  territory,  frequently  forming 
hills  of  a  peculiar  rounded  form,  clad  with  a  scanty  vegetation.  The 
surface  of  the  rock  is,  for  the  most  part,  in  a  orumbTing  state,  and 
the  hills  are  often  surmounted  by  piles  of  stones  like  the  remains  of 
a  stratified  mass,  and  sometimes  like  heaps  of  boulders,  for  which 
they  have  been  mistaken.  The  exterior  of  these  stones,  originally 
quadrangular,  acquires  a  rounded  form  by  the  action  of  air  and 
water,  for  the  angles  and  edges  waste  away  more  rapidly  than  the 
sides.  A  similar  spherical  structure  has  already  been  described  as 
characteristic  of  basalt  and  other  volcanic  formations,  and  it  must  be 
referred  to  analogous  causes,  as  yet  but  imperfectly  understood." ' 
Lyell  gives  an  illustration  from  the  Sharp  Tor,  Cornwall,  showing 
&  pile  of  granite  consisting  of  several  courses,  and  presenting  the 
appearance  of  the  remains  of  successive  stratified  deposits ;  but  we 
have  no  hesitation  in  saying  that  it  is  a  fine  example  of  bedded 
granite  originally  discharged  in  successive  submarine  sheets,  and 
now  fractured,  weathered,  and  reduced  by  the  natural  forces  to 
which  it  has  been  subjected  during  the  course  of  ages. 

The  '  tundra,'  or  moorland  of  Siberia,  extending  along  the  shores 
of  the  Arctic  Ocean,  presents  a  good  illustration  of  the  ph3'8ical 
features  produced  by  bedded  granite.  Here  and  there  the  rock  rises 
in  smooth,  rounded,  protuberances  above  the  general  level,  which 
is  a  monotonous  flat,  covered  with  moss ;  and,  as  might  be  expected, 
scarcely  a  tree  is  to  be  seen.  There  are  many  things  which  the 
commonly  received  theory  of  the  origin  of  granite  cannot  account 
for;  and  it  is  more  reasonable,  and  more  in  accordance  with  existing 
phenomena,  as  well  as  with  experimental  evidence,  to  hold  that  it 
was  formed  by  the  cooling  of  the  exterior  of  our  globe  under  the 
primeval  deep,  and  by  additions  due  to  outbui*sts  ot  newer  granite 
from  the  heated  interior,  the  elastic  force  of  which  would  be  brought 
1  Lyeli's  *<  Students*  Elementa  of  Oeologj,"  3rd  Edition,  1878,  p.  662. 
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into  action  by  the  contraction  of  the  rocky  barrier  by  wbidi  it  was 
environed  ;  while  the  modifications  produced  by  seismic  and  Tolcanic 
force,  together  with  exposure  to  destructive  chemical  and  mechanical 
agencies  through  long  continued  periods  must  be  taken  into  aoci>ant 
in  endeavouring  to  arrive  at  a  correct  understanding  of  its  litho- 
logical  and  petrological  aspectn.  Without  enlarging  on  the  subject, 
it  may  only  farther  be  remarked,  that  the  thickness  of  the  solid 
exterior  of  the  earth  is  commonly  reckoned  to  be  about  4o  miles ; 
and  if  we  deduct  10  miles  for  the  thickness  of  the  stratified  rocks 
(which  is  practically  an  over-estimate,  for  it  represents  the  depth 
of  all  the  systems,  or  differentiated  assemblages  of  strata  tabulated 
in  the  order  of  time ;  and  the  series  is  nowhere  known  to  exist  ia 
its  entirety)  we  have  35  miles  of  the  crust  to  aocount  for.  This 
is,  properly  speaking,  the  *  foundation  *  of  the  earth  from  which 
have  been  elaborated,  by  chemical  and  mechanical  agency,  the  more 
superficial  aocumulations  which  contribute  so  largely  to  the  con- 
venience and  comfort  of  the  human  race. 

Some  geologists  continue  to  distinguish  granite  from  the  other 
nnstratified  rocks  by  the  term  *  Plutonic,*  and  others  class  it  as  a 
trappean  rock.  Its  varieties  might  more  properly  be  described  as 
Cryptogene  (of  hidden  origin)  whatever  shades  of  difference  there 
may  be  in  their  composition,  if  they  exhibit  evidence  of  a  oommon 
origin  by  their  position  and  structure;  for  in  granitic — let  us  say 
cryptogene — rocks  there  are  many  departures  from  the  normal  type, 
which  consists  of  quartz,  felspar,  and  mica;  the  homblendic  or 
syenitic  varieties  forming  a  stepping-stone  to  the  trappean  syenites, 
and  indicating  a  close  relationship  between  the  two  classes  of 
nnstratified  rocks  under  reference. 

35rOTICES    OF   D^EIS^COII^S. 

I. — The  St.  Bkks  Sandstone  and  its  Assooiatbd  Rooks.^     By  J. 

G.  GooDOHiLD,  F.G.S.,  H.  M.  Geological  Survey. 
rilHE  author  reviews  the  history  of  opinion  upon  the  classification 
JL      of  the  New  Red  Rocks  of  Cumberland  and  Westmoreland,  and 
then  gives  the  following  as  the  maximum  thickness,  general  succes- 
sion, and  probable  equivalents  elsewhere  of  these  rocks  :— 

New  Bed  Series  (Uppbb  Division). 

Maximnm  obserred 
thickDess  in  feet 

(5)  Ked  marls  with  rock  salt  and  Gypsum     950 

(4)  St.  B(>es  Sandstone,  with  the  following  subdivisions  : — 
(d)  Waterstones ;  (c)  zone  of  tile  red  nbases ;  {b)  dull 
Red  Sandstone   with   local  bands  of  fine  con- 
glomerate and  occasional  pebbles;  (a)  zone  of 

variegated  sandstones.     In  all     2000 

(ia)  Graduates  downward  into — 

(3)     Gypsiferous  marls  with  local  conglomerate  at  its  base...      300 

Magnesian  Limestone  Group. 

(2")  Magnesian  Limestone       25 

(« j  J.  lant  DecLs...      ...     ...     ...     ...     ...     ...     ..•    ..•     •••      lou 

(1)  Penrith  Sandstone  :  ttio  BtoeVtwoa ^^^^ 

'  Head  before  the  Brit.  Assoc,  1£^>>^^>  ^^'^S^"^  VW8k^,\n.^«jeL^^^  v^^^^^ 
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Extensive  Unoonpobmity. 

There  is  a  perfectly  unbroken  downward  succession  as  far  as  tlie 
conglomerate  at  the  base  of  (3) ;  and,  therefore,  as  (4c)  is  admitted 
on  all  hands  to  be  of  Triassic  age,  the  remainder  of  (4)  and  the 
whole  of  (3)  must  be  of  Triassic  age  also;  (8)  lies  indififerently 
upon  either  member  of  (2)  or  upon  the  upper  part  of  (1) ;  it  is 
therefore  slightly  unconformable  to  the  beds  below.  These  are 
admitted  on  all  hands  to  be  Permian  ;  therefore  the  break  between 
the  Trias  and  the  Permian  is  at  the  base  of  (3).  The  author  con- 
siders that  the  whole  of  these  rocks  form  the  natural  basement  beds 
of  the  Neozoic  rocks,  and  that  the  dividing  line  between  the  Palaeo- 
zoic rocks  and  the  Neozoic  age  should  be  taken  somewhere  between 
the  Red  Rocks  of  the  Salopian  type  (to  which  he  would  restrict  the 
term  Permian)  and  the  true  New  Red,  as  the  term  is  here  employed. 
He  considers  that  the  New  Red  proper  bears  the  same  relation  to 
the  Jurassic  and  Rhaetic  Rocks  that  the  Upper  Old  Red  Sandstcme 
does  to  the  Carboniferous,  and  that  the  Salopian  Permian  may 
possibly  occupy  the  same  relation  in  regard  to  the  CarboniferouH 
rocks  as  the  Glengariff  Grits  do  to  the  Silurians.  Some  at  least  of 
the  Salopian  rocks  may  be  simply  Carboniferous  rocks  stained  by 
infiltration  from  the  New  Red. 

The  author  regards  the  St.  Bees  Sandstone  as  mainly  equivalent 
to  the  Bunter,  and  proposes  that  the  term  Bunter  Marls  should  be 
applied  to  the  marls  which  here  (and  in  Devonshire,  etc.)  occur  at 
the  base  of  that  subdivision. 


II. — ^Thb  Igneous  Rooks  of  the  Neiohboukhood  or  Bthlth.'    By 

Henry  Woods,  B.A.,  F.G.S. 

AN  account  of  the  geology  of  the  Builth  district  was  given  by 
Murchison  in  the  ** Silurian  System"  (1839),  since  which 
scarcely  anything  has  been  written  on  it  A  series  of  igneous  rocks, 
associated  with  beds  of  Ordovician  age,  stretches  from  near  the  town 
of  Builth  to  beyond  Llandrindod.  In  this  paper  the  author  confined 
himself  to  the  southern  half  of  this  area,  giving  a  preliminary 
description  of  the  distribution  and  characters  of  the  rocks  met  with, 
namely,  diabase,  rhyolite,  porphyrite,  andesite,  and  ashes. 


IlL — On  the  Relations  of  the  Rocks  of  the  Lizard  District.^ 

By  Alex.  Somervail. 

rilHESE  rocks  include  the  hornblende-schist,  serpentine,  gabbro, 
jL  granite,  etc.,  which  the  author  regards  as  all  belonging  to  the 
same  period  of  geological  time,  and  to  have  segregated  or  separated 
out  from  each  other  during  the  cooling  of  a  homogeneous  magma. 

There  seems  absolute  evidence  in  the  field  to  show  that  the 
serpentine  is  a  non-intrusive  rock,  that  it  was  the  first  portion  of 
the  magma  to  cool,  and  is  broken  through  by  all  the  other  rocks, 
bat  that  it  is  intrusive  into  none. 

The  relationa  between  the  serpentine  and  Al^  ftAftTiVfe  %rA  ^wMv^w^ 

^  AbetnciB  of  Papers  Read  before  the  BiitiBh  Asaoda^ou^'fi'^^i^^iit^x  ^^V  V^^'L. 
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of  the  granulitic  rooks  are  those  of  segregation,  and  not  of  intmsion, 
•8  many  sections  show  these  rocks  associated  together  in  grest 
alternating  bands  with  a  oonoentric-like  stmctare  with  complete 
transition  varieties,  but  with  no  sign  of  intrusion  on  the  part  of 
either.  These  ooncentrio-like  structures,  which  are  certainly  original 
-^ue  to  cooling — have  been  subsequently  displaced  and  broken  up, 
so  that  the  now  isolated  portions  are  mistaken  for  intrusive  tongues 
of  serpentine  or  included  fragments  of  hornblende.  When  followed 
out  they  resolve  themselves  into  what  were  once  connected  masses. 

While  the  main  masses  of  these  rocks  have  separated  out  from 
each  other,  and  cooled  in  the  order  of  increasing  acidity,  there  also 
seems  absolute  proof  in  the  field  that  the  intrusive  dykes  in  the 
serpentine,  consisting  of  diorite,  granite,  complexes  of  these  and  also 
of  gabbro,  are  but  portions  of  the  uncooled  magma  of  the  main 
masses  which  were  able  to  penetrate  the  serpentine. 

That  the  main  masses  and  the  dykes  are  of  one  and  the  same  age 
is  evident,  not  only  from  their  mineral  composition  and  lithological 
aspect,  but  also  from  the  fact  that  all  these  rocks  are  inter-related — 
for  example,  the  gabbro  and  diorite  dykes  coalesce,  and  dykes  of  the 
former  have  margins  of  the  latter.  The  diorite  contains  inclusions 
of  gabbro,  and  in  some  instances  inclusions  of  the  latter  contain 
others  of  the  former.  The  granulitic  rocks,  diorite,  and  gabbro  occur 
as  a  regular  interbanded  series,  and  there  are  also  schists  of  these 
complexes. 

The  facts  seem  to  warrant  the  following  conclusions : — 

1.  That  all  these  rocks  belong  to  one  geological  epoch  ;  that  their 
relations  are  principally  those  of  segregation  or  separation,  and  in 
a  lesser  degree  of  contemporaneous  intrusion  on  the  part  of  the  less 
basic  and  more  acid  portions  of  the  magma. 

2.  That  the  olivine  portion  of  the  magma  now  forming  the 
serpentine  was  the  first  to  cool,  followed  by  the  others  in  the  order 
of  their  increasing  acidity. 

3.  That  the  8erj)entine  is  a  non-intrusive  rock,  and  one  into  which 
all  the  other  types  of  rock  have  been  intruded,  the  granite  intrusions 
being  the  latest. 

IV. — On  the  Presence  op  Fossils  in  the  **  Azoio "  Rocks  of 
Brittany.  By  M.  Charles  Barrois,  CJomptes  Hendus  des  Stances 
de  TAcademie  des  Sciences,  Vol.  CXV.  pp.  32G-328,  August  8th, 
1892. 

ABED  of  quartzite  containing  crystalline  scales  of  graphite  is 
intercalated  in  the  gneiss  of  Morbihan.  This  gneiss  passes 
laterally  into  mica-schists  by  the  disappearance  of  felspar.  It 
represents  the  azoic  schists  metamorphosed  by  the  injection  of 
"granulite."  Tlie  graphitic  quartzite  can  be  followed  tor  a  con- 
siderable distance  both  to  the  north-east  and  south-west  of  the 
Vannes-sheet  of  the  Survey  Map,  into  regions  less  affected  by  the 
granul'ite.  It  is  then  found  to  be  interstratified  with  mica-schists. 
M.  Barrois  has  also  deternuned  \\i^  '^x^^^xi^^  q\  VX\^  %\!cki^  VsaxA  vo. 
Ae  north  of  Brittany,  w\ieT^  \^^  twiV^  ^^^  i«t  \«e»  ^<i"5iW^\s^*^^ 
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intrnsive  granaliie  and  the  graphitio  quartzite  is  represented  by 
oarbonaoeous  quartzites  and  pbtanites.  These  rooks  underlie  the 
phyllades  de  St.  Ld,  and  pebbles  of  them  are  found  not  only  in  the 
Cambrian  bat  also  in  pre-Cambrian  conglomerates.  The  oarbonaoeous 
phtanites  of  this  horizon  oocurring  at  Lamballe  (Ootes  du  Nord) 
contain  radiolarian  remains  whioh  have  been  identified  by  M.  Cayeux 
as  belonging  to  the  group  of  the  Monosphssridse.  These  are  the 
oldest  fossils  known  in  France,  and  probably  in  the  world.  The 
discovery  is  also  interesting  because  it  confirms  the  theory  of  M. 
Michel-Levy  as  to  the  origin  of  the  granulitlc  gneiss. 


Da  H  -V  I  33  ^W  S. 

I.— Notes  sub  l'Histoirb  bt  la  Strugturb  oioLooiQUB  dbs 
Chainbs  Alpines  db  la  Mauribnnb,  du  Brianoonnais,  bt  dbs 
REGIONS  ADJACENTBS.  Par  M.  W.  EiLiAN.  Bull.  de  la  Soc. 
Geol.  de  France.     3^me  s.,  vol.  xix  (1891),  pp.  671-661. 

SUR  l' ALLURE  TOURMENTi:B  DBS  PlIS  ISOOLINAUX  DANS  LBS  MoNTAGNBS 

DB   LA   Sayoib.     Par  M.   Eiuan.     Ibid.  pp.    1152-1160,   pis. 
xxv.-xxvi 

THE  first  of  the  above  papers  contains  the  results  of  a  series 
of  explorations  carried  out  by  M.  Kilian,  on  behedf  of  the 
Geological  Survey  of  France,  in  a  portion  of  the  French  Alps 
between  the  upper  valleys  of  the  Is^re,  the  Italian  frontier,  and  the 
upper  valley  of  the  Ubaye,  and  they  are  published  in  advance  of  a 
more  complete  monograph  on  the  subject.  The  author's  researches 
have  been  mainly  devoted  to  the  band  of  sedimentary  deposits  inter- 
calated between  the  crystalline  zones  of  Mont  Blanc  and  of  Mont 
Rose,  which  are  comprised  in  the  second  and  third  of  the  Alpine 
zones  of  Lory,  and  referred  to,  in  the  recently  published  work  of 
Dr.  Diener  on  the  Structure  of  the  Western  Alps,  as  the  "  Zone  of 
the  Briauqonnais.** 

The  author  treats  first  of  the  stratigraphical  succession  of  the 
region,  and  describes  the  grey  lustrous  schists,  and  the  calcareous 
talcose  schists,  situated  beneath  the  Triassic  deposits,  which  have 
a  great  extension  between  Bardonn^che,  Oulx,  and  CeBanne  (Italy), 
as  well  as  in  the  Queyras  district.  In  the  schists  are  beds  of 
blackish  crystalline  limestone,  also  some  quartzites,  and  in  certain 
localities  they  are  penetrated  by  numerous  intrusions  of  serpentine. 
Near  the  source  of  the  Ubaye  these  rocks  gradually  pass  down  into 
micaceous  schists  alternating  with  beds  of  gneiss.  The  lustrous 
schists  were  regarded  by  Lory  as  of  Triassic  age,  but  M.  Kilian 
considers  them  to  be  Palfleozuic,  possibly  Carboniferous,  or  even 
more  ancient. 

The  Carboniferous  rocks  of  the  region  form  the  great  anticlinal 
of  the  third  zone  as  well  as  some  of  the  anticlinals  of  the  second 
zone,  and  above  them  are  beds  of  green  phyllites,  grits,  and  cou- 
glomeratea,  reaemhling  the  verrucauo  oi  tVx^^m^  ^^^^^hiVv^^x^^c^. 
rtteir  Btratigraphioal  |>ositioa  beuealVi  t];iQi  Tt\a&  «x^  x^\&\x^  ^^  ^'^^^^ 
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Permian,  altbongb  at  pr»eiii  there  are  no  foesilB  known  from  ihmb 
rocks  to  estahliith  their  real  position.  Above  the  supposed  Permians 
ia  a  great  series  of  rock«,  the  lower  portion  of  quartzitea.  soooeeded 
by  \tei\s  of  ^ypsam,  dolomites  and  dolomitic  limestones,  and  coloured 
schists.  The  greater  part  of  this  series  is  considered  by  the  anther, 
on  the  evidence  of  fos^il8,  to  belong  to  the  Trias,  but  it  probably 
inclndes  fragments  of  Lias»ic  and  Jurassic  rocks  which  have  been 
c»nght  up  and  involved  in  the  folds  of  the  older  strata.  The  author 
Attempts  to  show  that  the  beds  of  gypsum  and  the  dolomitic  lime- 
stones  in  this  series  are  merelv  lateral  modifications  of  the  same 
deposit,  so  that  in  some  places  the  gypsum  completely  replaces  the 
limestones,  whilst  in  others  it  occurs  either  in  the  upper  or  lower 
portions  of  the  series. 

Next  above  the  Trias,  the  Lower  Lias  is  represented  by  dark 
limentones  usually  filled  with  Belemnites,  and  the  Upper  Lias  by 
dark  schists  or  shales.  The  author  has  traced  ont  a  well-marked 
calcareous  breccia  in  the  Lias ;  and  in  the  Upper  Jurassic  also,  there 
is  a  definite  band  of  brecciateti  red  marbles  containing  Ammonites 
and  Belemnites  of  the  group  of  Duvalia, 

llie  Tertiary  rocks  in  this  region  consist  of  Xummulitic  limestones 
and  schists,  and  the  existence  is  proved  of  a  micaceous  and  quartzitic 
breccia  of  the  same  age,  which  had  previously  been  considered 
^Viassia 

In  a  region  so  disturbed  as  the  Alps,  it  must  be  difficult  to  dis- 
tinguish between  real  and  apparent  overlap  and  unconformity ;  the 
author  considers,  however,  that  there  is  evidence  of  a  real  overlap 
in  the  Permian  rocks,  though  not  of  great  extent;  whilst  the  overlap 
of  the  Triassic  strata  on  the  other  hand  appears  to  have  been  very 
extensive.  There  is  also  both  an  overlap  and  unconformity  between 
the  Upper  Jurassic  and  the  Triassic  limestones  near  Gnillestre  and 
CaHtellet.  The  great  overlap  of  the  Nummulitic  rocks  is  established 
by  the  fact  that  these  rocks  rest  successively  on  the  Lias,  the  Triassic 
limestones,  gypsum,  and  qnartzite,  and  in  the  Basses- Alpes,  to  the 
south  of  the  present  region,  on  Senonian  rocks;  thus  indicating  the 
existence  of  movements  subsequent  to  the  Senonian,  for  fragments 
of  these  latter  are  present  in  the  earliest  Eocene  beds. 

The  extent  and  intricacy  of  the  folding  and  dislocation  of  this 
portion  of  the  Alps  are  very  strikingly  shown  in  the  various  sections 
figured  by  the  author,  and  more  particularly  in  the  two  remarkable 
photographs  (pis.  xxv.-xxvi.)  accompanying  the  second  paper, 
which  show  a  natural  section  of  the  escarpments  of  the  Nantbrun 
Valley. 

II. — BoRMEO :  Its  Geology  and  Mineral  Resources.  By  Dr. 
TuEODOR  PoSEWiTZ.  Translated  from  the  German  by  Dr.  F.  H. 
Hatch,  F.G.S.  (London:  Edward  Stanford,  1892,  pp.  495; 
with  Geological  and  other  Maps.) 

A   THREE  years*  residence  in  Borneo  gave  the  author  an  oppor- 
tunity of  becoming  acv\via\i\\.e^  N«\\\\\Xv^\^'^^\\v^\vfv^xyT^^  vcv^Jaa 
geology  of  that  island ;  he  has  »\fio  ^^NoXft^Vvss^'&'feX'v^  \a  w».  ^-i>oams5cc^^ 


Reviewa^-Posemtz^B  Borneo*  569 

itady  of  the  literature  of  the  subject,  much  of  the  best  informatioii 
being  in  Dutoh  and  but  little  known  out  of  Holland.  In  the 
present  work  he  has  summarized  all  that  is  known  oonoeming  the 
Geography,  Geology,  and  Mineral  Kesouroes  of  Borneo. 

The  German  edition  was  publiflhed  in  1889,  and  although  three 
years  have  now  elapsed,  the  information  brought  together  will  be  of 
great  value  to  all  who  are  interested  in  the  island.  Portions  of  its 
large  area,  however,  remain  wholly  unknown  to  Europeans. 

The  formations  represented,  comprise  (1)  the  crystalline  schists, 
the  old  slate  formation  of  Devonian  (?)  age,  and  certain  eruptive 
rocks :  these  constitute  the  mountain  chains  and  their  spurs,  but  the 
rocks,  though  grouped  together  for  convenience,  are  of  different 
ages,  and  they  have  not  been  properly  separated.  Granites,  diorites, 
gabbros,  and  serpentines  occur.  Some  of  the  crystalline  rocks  may 
be  Archaean,  and  although  the  Devonian  age  of  certain  slates  is 
suggested  by  their  fossils,  these  are  so  badly  preserved  that  no  exact 
determination  could  be  made.  Certain  beds  of  limentone,  sandstone, 
conglomerate,  and  slate  (2),  are  grouped  as  Carboniferous,  from  the 
fact  that  Encrinites,  Fenestelta,  Stenopora,  and  a  few  other  fossils 
have  been  found  in  some  of  the  limestones. 

Next  in  point  of  order  amongst  the  strata  recognized,  are  (3) 
Cretaceous  beds.  These  are  known  only  over  a  very  limited  area. 
They  comprise  grey  marls  and  greenish-grey  sandstones,  and  have 
yielded  species  of  Avieula,  Arca^  Limaj  Modiola^  Trigonia,  Ooniomya, 
Fholadomya,  Heminster,  etc. ;  but  their  age  cannot  be  said  to  be  very 
decisively  determined. 

All  the  above-mentioned  formations  are  found  to  occupy  portions 
of  the  Mountain-land ;  the  highest  elevation  in  which,  Kina-balu,  is 
estimated  at  about  12,000  feet. 

The  Hill-land,  which  rarely  exceeds  200  to  300  feet  in  height,  is 
formed  of  (4)  Tertiary  strata.  The  beds  are  mainly  of  Eocene  age 
and  comprise  sandstones  and  shales  with  coal-seams,  marls,  and 
limestones.  These  are  pierced  in  numerous  places  by  eruptive 
rocks,  mostly  *'  hornblende-angite-andesites."  The  Eocene  strata 
have  yielded  Nummulites.  Corals,  and  MoUusca.  Some  of  the 
Mollusca  may  be  compared  with  those  obtained  by  M.  Verbeek  from 
the  Tertiary  strata  of  Sumatra,  and  described  by  Dr.  H.  Woodward 
(Gbol.  Mao.  1879,  pp.  441,  492,  635) ;  there  do  not,  however, 
appear  to  be  many  species  common  to  the  two  islands.  In  Borneo 
there  are  some  later  Tertiary  strata  (Miocene?) ;  but  owing  to  the 
absence  of  fossils,  their  age  could  not  be  more  definitely  determined. 

llie  Plains  are  covered  by  sandy  clays  and  conglomerates  (5), 
grouped  as  Diluvium ;  and  the  Marshes  are  made  up  of  (6),  Alluvial 
formations,  or  recent  marine  and  fiuviatile  deposits.  Reference  is 
also  made  to  Cave-deposits  and  to  recent  Coral-reefs. 

A  large  part  of  the  work  is  devoted  to  the  subject  of  "  Useful 
Minerals."     These  include  Coal,  which  occurs  in  the  Eocene,  and 
also  in  the  so-called  Miocene  deposits;  but  chiefly  in  the  former. 
It  ooours  in  considerable  quantity,  but  baa  beexv  qovxv^vcw^jvn^'^  \\\.NXfe 
worked.    Full  particulars  are  given,  w\t\i  aaa\^*e%,    Q^^  qk5r^«%\s^ 
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both  Allavial  and  Diluvial  deposits,  and  in  the  older  rocks  (Na  1). 
Diamonds  occur  in  the  Post-Tertiary  deposits,  but  have  not  yet 
been  foond  ta  §itu.  Platinum  and  ores  of  Antimony,  Meroory,  Iron, 
Copper,  and  Silver,  have  been  obtained.  Ores  of  Lead  and  Zine 
occur,  but  it  is  said  that  they  will  not  pay  for  working.  YariouB 
other  ores  have  also  been  found.  The  ocdirrenoe  of  Salt-beds  i« 
noted,  and  there  are  also  Warm  Springs. 

The  notes  appended  to  the  work  by  the  author  should  have  been 
inserted  in  their  proper  place  in  the  body  of  the  work  by  the  editor, 
and  he  would  have  greatly  added  to  its  usefulness  if  he  had  provided 
an  index.  The  chief  value  of  the  work  will  be  in  reference  to  the 
Economic  Greology  of  the  Island ;  but  scientific  explorers  vrill  find 
it  of  great  service  on  all  matters  connected  with  the  Geology  of 
Borneo. 


m. — The  Studbnt*s  Handbook  of  Physical  Gkologt.  Bv  A.  J. 
Jukks-Brownk,  B.A.,  F.G.S.  Second  Edition.  (London :  Greorge 
Bell  &  Sons,  1892.)     Pnce  7«.  6d. 

THE  first  edition  of  this  work  was  briefly  noticed  in  the  Gkological 
Magazine  for  1884  (p.  461).  During  the  eight  years  that  have 
elapsed  much  information  has  been  gathered  on  the  subjects  dealt 
with  by  the  author,  and  he  has  enlarged  his  work,  more  especially 
with  reference  to  Volcanoes,  the  processes  of  Disintegration,  Oceanic 
deposits,  Metamorphism.  and  Mountain-buildiug.  Faults  and  flexures 
receive  additional  illustration  in  the  matter  of  thrust-planes.  We 
are  not  altogether  confident  that  the  author  has  done  wisely  to 
increase  the  bulk  of  his  volume  from  ol4  to  6C6  pages.  His  aim. 
as  stated  in  the  first  edition,  was  to  provide  a  book  of  modest 
pretentions,  at  a  moderate  price,  for  the  use  of  geological  classes. 
Even  then,  with  the  volume  dealing  with  Historical  Geoloey,  the 
student  had  to  encounter  over  eleven  hundred  pages  before  he  had 
traversed  the  field  of  geology  traced  out  for  him ;  and  it  is  difficult 
to  get  students  to  read  big  books.  Be  this  as  it  may,  the  author  has 
brought  his  work  up  to  date  in  a  most  painstaking  manner ;  and  the 
reader  will  find  a  full  account  of  the  geological  agencies  now  in 
operation,  of  rocks  and  rock-masses,  and  of  the  processes  which 
have  led  up  to  the  present  physical  configuration  of  the  earth's 
surface. 

The  author  objects,  as  others  have  sometimes  objected,  to  the  use 
of  the  word  Denudation ;  but  to  supplant  a  familiar  and  well- 
understood  term  is  no  easy  matter.  One  authority  has  proposed 
to  establinh  the  word  'Abrasion;'  Mr.  Jukes-Browne  proposes  the 
word  'Detrition.*  One  of  the  stumbling-blocks  introduced  into 
modem  Geology  is  the  attempt  to  change  well-known  names, 
whether  in  Physical  Geology,  Stratigraphy,  or  Palssontology. 
Changes  may  not  affect  the  student  in  his  days  of  class-learning, 
but  when  he  becomes  a  worker,  he  must  learn  the  old  as  well  as 
tbe  new  terms,  and  evet^  sAdiXiou,  ^Xi'^NXi^x  ^^>^  ^x  ^t\^<^witiet 
must  needs  be  a  burdeiu 
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On  Olacial  subjects  the  author  has  enlarged  his  views,  and  he  is 
prepared  to  admit  "  that  land-ioe  oan  in  some  way  give  rise  to  the 
formation  of  a  Boulder-clay."  In  oases,  however,  where  there  is 
a  difference  of  opinion  amongst  geologists,  care  is  taken  to  state 
the  alternative  views. 

The  work  is  illustrated  by  214  figures  and  two  plates;  and 
altogether  it  forms  an  excellent  and  comprehensive  handbook  for 
advanced  students. 


Geologioal  Sooiktt  of  London. 

November  9th,  1892.— W.  H.  Hudleston,  Esq.,  M.A.,  F.E,S., 

President,  in  the  Chair. 

The  President  announced  that  the  Naturforschende  Oesellschaft 
of  Dantzig  will  celebrate  their  150th  Anniversary  in  that  town  on 
January  2nd  and  drd,  1893. 

The  following  communications  were  read : — 

1.  "A  Sketch  of  the  Geology  of  the  Iron,  Gold,  and  Copper 
DistricU  of  Michigan."  By  Prof.  M.  E.  Wadsworth,  Ph.D.,  A.M., 
F.GS. 

After  an  enumeration  of  the  divisions  of  the  Azoic  and  Palaeozoic 
systems  of  the  Upper  and  Lower  Peninsulas  of  Michigan,  the  Author 
describes  the  mechanically  and  chemically  formed  Azoic  rocks,  and 
those  produced  by  igneous  agency,  adding  a  table  which  shows  his 
scheme  of  classification  of  rooks,  and  explaining  it. 

The  divisions  of  the  Azoic  system  are  then  described  in  orders 
banning  with  the  oldest — the  Cascade  Formation,  which  consists 
of  gneissose  granites  or  gneisses,  basic  eruptives  and  schists, 
jaspilites  and  associated  iron  ores,  and  granites. 

The  rocks  of  the  succeeding  Kepublic  formation  are  given  as 
nearly  as  possible  in  the  order  of  their  ages,  commencing  with  the 
oldest : — Conglomerate,  breccia  and  conglomeratic  schist,  quartzite, 
dolomite,  jaspilite  and  associated  iron  ores,  argillite  and  schist, 
granite  and  felsite,  diabase,  diorite  and  porodite,  and  porphyrite. 
The  author  gives  a  full  account  of  the  character,  composition,  and 
mode  of  occurrence  of  jaspilite,  and  discusses  the  origin  of  this 
rock  and  its  associated  ores,  which  he  at  one  time  considered  eruptive; 
but  new  evidence  discovered  by  the  State  Survey  and  the  United 
States  Survey  leads  him  to  believe  that  he  will  have  to  abandon  that 
view  entirely. 

In  the  newest  Azoic  formation,  the  Holyoke  formation,  the 
following  rocks  are  met  with  : — Conglomerate,  breccia  and  con- 
glomeratic schist,  quartzite,  dolomite,  ai*gillite,  greywacke  and 
schist,  granite  and  felsite  (?),  diabase,  diorite,  porodite,  peridotite, 
serpentine,  and  melaphyre  or  picrite.  The  conglomerates  of  the 
Holyoke  formation  contain  numerous  pebbles  of  the  jaspilites  of  the 
miderlfing  Republh  formation  ;  a  descTiplVoxv  o^  \Xi^  ^^Vj^V^^^iRjiA 
IB  given,  and  special  points  iu  connexVou  m\Xi  Xk^m  wfe  S\^fc\»»R^ 
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The  Author  next  treats  of  the  chemical  deposits  of  the  Azoic 
BYstero,  gives  a  provisional  scheme  of  classification  of  ores,  and 
discusses  the  origin  of  ore  deposits. 

The  rocks  of  the  Palaeozoic  system  are  next  described,  and  it  is 
maintained  that  the  eastern  sandstone  of  Lower  Silurian  age 
Underlies  the  copper-bearing  or  Eeweenawan  rocks.  The  veins  and 
copper  deposits  are  described  in  detail,  and  the  paper  concludes 
ivith  some  miscellaneous  analyses  and  descriptions,  as  well  as  a  list 
of  minerals  found  in  Michigan. 

2.  ''The  Gold-quartz  Deposits  of  Pahang  (Malay  Peninsula).** 
By  H.  M.  Becher,  Esq.,  F.G.S. 

The  gold -quartz  deposits  of  Pahang  which  traverse  an  extensive 
series  of  slates,  sandstones,  and  dark-coloured  limestones,  sometimes 
more  or  less  metamorphosed,  and  probably  of  Palaeozoic  age,  occapj 
the  low-lying  hill-country  on  the  eastern  side  of  the  central  granitic 
mountain-range.     The  prevailing  dip  of  the  strata'is  eastward. 

In  some  places  the  auriferous  rock  penetrates  adjacent  intnisire 
syenites,  but  has  not  been  traced  in  connexion  with  the  main  granitic 
'massif*  which  is  generally  considered  to  be  the  matrix  of  the  cas- 
siterite  found  in  the  *  Straits'  alluvial  Tin-fields. 

The  gold  occurs  in  lodes  and  irregular  formations,  which,  howevef, 
are  not  distinguished  from  one  another  by  any  hard-and-fast  line ; 
the  difference  depends  on  the  size,  shape,  and  continuity  of  the 
quartz  veins,  though  even  the  lodes  seldom  maintain  their  regularity 
for  more  than  a  few  score  feet  The  quartz  often  occurs  in  very 
narrow  veins  intersecting  one  another  to  form  what  may  be  call^ 

*  stockworka.'  It  is  probably  from  these  minute  veins  that  the 
alluvial  gold  is  derived.  In  the  Kauh  mine  numerous  rich  veinlets 
occur  in  a  certain  zone  where  the  whole  slate-rock  is  charged  with 
iron  pyrites,  probably  auriferous.  Many  *  stock  works '  are  intimately 
associated  with  dykes  or  intrusions  of  a  rock  which  may  be  called 
trachyte- porphyry,  and  these  igneous  rocks  are  decomposed  where 
prominently  associated  with  auriferous  quartz. 

3.  "The  Pambula  Gold-dei)osits.**     By  F.  D.  Power,  Esq.,  F.G.S. 
The    Pambula  Gold-field  is  situated   in  the  parish   of  Yowaka, 

County  of  Auckland,  in  the  South-eastern  comer  of  New  South 
Wales. 

Tlie  lodes  are  different  from  ordinary  auriferous  deposits,  inasmnch 
as  the  material  filling  the  ore-channels  does  not  differ  greatly  in 
appearance  from  the  *  country  *  rock,  and  is  but  slightly  mineralized. 
The  *  country  *  rock  is  *  pyrophyllite  schist,*  associated  with  *  felspar- 
porphyry,*  sometimes  turning  into  *  quartz -porphyry,'  the  whole 
being  tilted  at  a  high  angle.  The  bedding  and  cleavage-planes 
appear  to  be  coincident.  The  rock  forms  lenticles  both  microscopic 
and  macroscopic.     Some  of  the  lodes  are  accompanied  by  a  quartz 

*  indicator*  which  contains  little  or  no  gold  in  itself,  the  precious 
metal  being  found  in  the  shattered  *  country  *  rock  of  its  foot-wall. 
On  the  foot- wall  side  this  shattered  zone  gradually  merges  into  the 
ordinary  *  country '  rock.  The  cause  of  the  parallelism  of  the 
auriferous  loiies,  the  mountain- ranges,  and  the  seacoast  is  discussed, 
and  it  *«  •^^nted  out  ibat  Vke  igtAd  ^o^a  tuA.  qk^\)x  \xi\ax^  ^gc^x^'s^ 
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THE  BOCKS  OF  SOUTH  DEVON. 

Sib, — In  Professor  Bonney's  unfriendly  criticism  of  my  paper  on 
the  Devonian  rocks  of  South  Devon,  in  the  October  Number  of  the 
GioLOQiOAL  Magazinb,  I  am  taxed  with  the  commission  of  three 
faults  among  other  failings,  viz  : — 

(1)  The  avoidance  of  certain  apparently  possible  alternatives 
which  my  critic  deems  of  importance. 

(2)  llie  not  having  studied  a  Devonshire  problem  in ''other  fields 
than  South  Devon." 

(3)  The  having  attempted  a  research  with  insufficient  materials. 
jn  reply  to  the  first  I  may  state  that  had  I  been  able  to  discuss 

Prof.  Bonney's  South  Devon  paper,  the  points  referred  to  by  him 
would  have  been  satisfactorily  disposed  of;  but  I  was  unable  to 
discuss  that  paper  for  the  following  reason.  In  October,  1891,  Prof. 
Bonney  volunteered  to  me  the  statement  that  he  did  not  mean  to 
enter  into  any  controversy  on  the  subject  (of  the  Devon  schists) 
until  his  shield  was  struck  by  a  knight  of  equal  experience.  Under 
the  circumstances  I  had  no  option  but  to  leave  the  Professor  and  his 
paper  alone. 

With  respect  to  the  second  objection,  it  is  evident  that  the  affinities 
between  two  sets  of  Devonshire  rocks  can  only  be  studied  in  Devon- 
shire, and  not  elsewhere.  My  subject  was  much  more  restricted 
than  my  critic  seems  to  suppose. 

Respecting  the  charge  of  insufficiency  of  materials  for  research. 

Prof.  Bonney  is  scarcely  in  a  position  to  find  fault,  seeing  that  he 

dismissed   the  whole  of  the  complicated  Start  headland  with  the 

cursory  observation — "Two  specimens  from  different  parts  of  the 

Start  headland  call  for  no  special  remark  "  (Q.J.G.S,  vol.  xl,  p.  15). 

Your  readers  will  scarcely  be  able  to  realize  the  significance  of  this 

naive  remark. 

SouTHwooD,  Torquay,  A.  B.  Hunt, 

16M  November^  1892. 

GLACIAL    GEOLOGY. 

Sir, — I  have  read  with  much  interest  the  papers  by  Mr.  Mellard- 
Eeade  and  Mr.  Percy  Kendall  in  your  July  and  November  issues. 
On  the  one  hand  we  have  the  submergence  theory  proved  up  to  the 
hilt,  and  on  the  other  the  glacier  theory  sustained  with  equal  show 
of  reason.  Does  it  not  strike  the  combatants  that  they  may  both  be 
right  and  both  be  wrong  ?  For  at  one  time  during  the  Pleistocene 
Period  the  land  was  certainly  deeply  submerged  in  the  sea,  whilst 
at  another  it  was  with  equal  certainty  enveloped  in  ice. 

ITiere  are  one  or  two  points  in  Mr.  Kendall's  paper  to  which  I 
should  like  to  refer.  Soon  after  the  late  Dr.  Carvill  Lewis  came  to 
England,  I  had  the  pleasure  of  showing  him  the  principal  sections 
of  Boulder-clay  and  sand  in  the  Trent  Basin,  and  I  think  I  convinced 
him  that  even  if  there  is  ''a  commingling  of  the  Drift"  in  some 
deposits  ill  that  area,  there  is  also  an  equally  marked  absence  of  com- 
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minsrltiii^  in  other  Drift  (\^^rmXM  of  th^  Mine  ann.  If  Xr.  E«a'^ 
wf-r<f  to  tr}-  to  ezpUin  the  dL§trir>ati<jii  of  the  rocks  in  uie  Drifoi  oi 
th«;  Trent  Valley  on  the  glacier  theorr  alooe  he  woald  be  izi  eTea 
gr*-4ter  difficiiltiefl  th«n  he  is  at  precent. 

Mr.  K«;nd«ill  is  not  quite  accarate  in  impljiR^  that  Dr.  Carrill- 
Ij^wim  was  the  ori^nator  of  the  i<l«a  that  the  Tallej  of  the  Trent 
fonne'l  a  lar^e  lake  at  one  time.  This  was  dearlj  sCAfieii  in  a  paper 
rea<l  by  me  Jiefore  the  GeoI*>^cal  S>cietj  in  IS^So.  In  chat  paper 
I  make  the  Mi'MIe  Pleistocene  Epoch  open  wi:h  a  ^  land  locked 
and  prohahly  ice-l'M:ked  "....''  Melton-sand  sea.^  Ii^ieed  the 
idea  is  U4*'d  to  explain  the  absence  of  moliu^ca  in  the  depotfits  of  this 
•p«'>ch.  Dr.  Car\ill  Lewis,  I  think,  held  that  the  water  level  in  this 
sea  or  lake  was  alxive  that  of  the  Atlantic ;  bat  the  facts  rather  sap- 
p^irt  the  view  that  it  was  connected  with  the  oat^ide  sea.  the  water- 
%\ifA  of  Central  England  being  snbmergeil  several  hundred  feeL 

It  ap[iear8  to  be  quite  time  that  the  adv>->cates  of  glacier  theoriei 
and  submergence  theories  joined  hands  for  the  parpi>w  of  ascertain- 
ing if  a  more  careful  study  of  the  '*  Glacial  Sacee»»ion "'  will  not 
reconcile  their  present  conflicting  views.  j^  ^  Dkklet. 

10,  Charxwood  St.,  Derby,  Xor,  15/A,  1892. 


THE  MAMMOTH  AND  THE  GLACIAL  DRIFT. 

Sib, — In  the  September  Number  of  the  Geologicai.  Magazcii 
(p.  405)  Sir  Henry  Howorth  writes :  "  I  claim  to  have  shown  that, 
as  tested  by  these  islands,  the  Mammoth  beds  are  in  every  instance 
ovf;rlain  by  the  Drift,  and  are  never  underlain  by  it ; "  this  claim 
lH*ing  limited  to  cases  where  it  is  possible  to  apply  the  test  of  super- 
jHisition.  In  my  lt*tter  of  Octol>er,  I  took  two  of  his  cases  and 
showed  that  in  both  the  beds  enclosing  Mammalian  remains  were 
nndorlain  by  (ilaoial  Drift,  t.«.,  that  the  main  mass  of  the  local 
Boulder-clay  passed  1)eneath  them ;  thereby  disproving  the  verbal 
accurnoy  of  his  statement 

Again,  on  p.  4(X),  he  discusses  the  gravels  in  the  valley  of  the 
Ouso,  near  Bedford,  a  case  by  the  way  in  which  the  test  of  super- 
pr)Hition  does  not  apply.  In  this  connection  he  quotes  the  discovery 
of  flint-impleraonts  "at  Thetford  on  the  Ouse,"  and  a  few  Hoes 
lower  down  he  *'  turns  to  another  site  in  the  same  valley,**  being  one 
not  far  from  Iksdford  (italics  are  mine).  Replying  to  my  obvious 
comments  on  this  he  says  he  has  nothing  to  correct  and  nothing  to 
alter  in  what  he  wrote,  except  the  spelling  of  a  word,  and  that  the 
point  is  *'only  a  test  of  my  knowledge  of  the  English  language!" 
1  feel  sure  your  readers  will  by  this  time  have  seen  that  it  was  really 
a  test  of  Sir  H.  IIoworth*s  knowledge  of  English  geography,  and, 
as  J  said,  of  his  practical  acquaintance  with  the  subject.  I  did  not 
ex]>»'ct  that  I  should  be  called  upon  to  point  out  that  the  valley  of 
the  Little  Ouse,  l>etween  Norfolk  and  Suffolk,  is  entirely  different 
tnd  distinct  from  the  valley  of  the  Great  Ouse,  near  Bedford  I  Not 
0fao  Sir  H.  Howorth'B  approve  \tvv;'&tv\x\\.^  \w  vJcl^  \v»fc  q€  the  English 
^^l^umBK0  can  make  ihem  pat\a  ol  ouq  wi^^^  ^waaN^>^<K^.  '^iXiKwi 
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ig  a  Thetford  on  the  Great  Oase,  bat  that  is  not  the  place  in 
question. 

I  do  not  deny  the  desirabiiity  of  his  making  himself  aoqnainted 
with  the  literature  of  the  subject,  and  a  precis  of  it  would  be  a 
useful  introd notion  to  any  detailed  memoir  on  the  Pleistocene 
Deposits ;  but  I  do  deny  that  quotations  from  published  papers, 
however  numerous,  form  a  reasonable  ground  on  which  to  base  a 
claim  of  having  upset  the  generally  accepted  views  of  geologists 
OD  any  given  point 

Neither  is  it  sufficient  to  deal  only  with  the  cases  where  the 
test  of  superposition  can  be  applied ;  he  practically  admits  this,  by 
referring  to  the  valley  of  the  Great  Onse,  but  gravels  containing 
Mammoth  remains  occur  in  many  other  valleys  which  are  generally 
considered  to  have  been  eroded  out  of  a  wide-spread  mantle  of 
Glacial  Drift,  and  this  conclusion  is  not  shaken  by  anything  which 
8ir  U.  Howorth  has  written. 

Sir  Henry  may  have  visited  many  places  and  have  looked  at  many 
sections,  but  it  does  not  follow  that  he  is  qualified  to  draw  sound 
geological  inferences  from  the  phenomena  before  him.  I  should  be 
loth  to  find  fault  with  any  one  who  is  seekinji^  to  ascertain  the  truth, 
but  it  is  the  assumption  that  he  has  already  found  the  truth  by 
merely  sifting  the  literature  of  the  subject  that  I  venture  to  protest 
against. 

I  feel  perfectly  sure  that  if  I  pointed  oat  a  clear  case  of  gravels 
with  Mammoth  bones  resting  on  Boulder-clay,  Sir  H.  Howorth 
would  not  acoept  it  as  final ;  he  would  say  there  might  have  been 
another  Boulder-clay  originally  over  the  gravel,  as  is  supposed  by 
some  to  be  the  cane  at  Hoxne. 

The  question,  together  with  others  relating  to  the  glacial  deposits, 
will  some  day  be  settled  beyond  dispute  by  a  man  who  has  acquired 
an  insight  into  the  subject  by  long  experience  and  by  approved 
practical  work  in  the  field,  and  I  am  content  to  await  his  appearance. 

ExBTBBy  Nop.  10,  1892.  A.  J.  JukbS-BrOWNB. 


OBia?TJ^I^Tr. 


W«  regret  to  announce  the  death  of  Mr.  Henry  John  Marten, 
M.lnstC.E.,  F.G.S.,  etc.  Mr.  Marten  was  a  well-known  hydraulic 
engineer.  He  had  been  engineering  adviser  to  the  Board  of  Agri- 
culture, engineer  to  the  Severn  Commissioners  and  to  the  Staffoni- 
sbire  and  Worcestershire  Canal  Co.  So  recently  as  October  7,  he 
gave  evidence  before  the  Royal  Commission  on  Water  Supply,  on 
the  practicability  of  constructing  storage  reservoirs  in  the  Upper 
Thames  Valley.  In  1890  he  read  before  the  Geological  Society  a 
paper  "On  some  Water- worn  and  Pebble-worn  Stones  taken  from 
the  Apron  of  the  Holt- Fleet  Weir  on  the  River  Severn  "  (Quart 
Joum.  vol.  xlviL  p.  63).  Mr.  Marten  dv^  SoN^oiVi^sx  ^x^^  W  Vsk^ 
66ib  vear. 


576  Obituanj — Mr.  T.  J.  Moore. 

Tiif»MA3  Jons  McKPBE,  .\.L.S..  Cobb.  Mkmb.  Z.S. — ^We  tegnit  \Ji 
n-«.iiril  till*  «leath.  on  (XtoV-jrr  3Ut.  .jf  Mr.  T.J.  Mo*>re,  for  ^ott\  \^ttt\ 
til*-  HStfeineil  curator  of  the  Liverpool  Musenm.     Bom  in  \^^''V\x\j^ 
1^-4,  Mr.  .Moort)  oarly  evince?']  an  interest  in  scientific  p"r*^^X%,  ^i 
wa«  at  theapMjf  nineteen  afip-ir.cel  a&si!»tant  to  Mr.  John  Tbon^j^ 
curator  of  the   Earl   of  Drriiv's   Miueani  at  Kno^^'sley.       1^   uri 
when  thin  c<»]Iection  was  l>r*^«ir.«Le«i  to  the  Corporation  of  Livenwo'' 
Mr.  Mofire  (K*canie  cunUor.  a  p.^ition  he  held  until  the  end  o/Zarf 
year,  when  failing  h«.'alth  C'-'inprli*?*!  hirn  to  tender   his    rewignation. 
Though  more  de**i»ly  intere^te«i  in  Z.>'h»;^  and  Coni(>arative  Anatomv 
than  in  Geology  and  Paheont'>l  'iry.  Mr.  Mu<jre  devoted   his  energioi 
to  tlie  |>erfection  of  every  dr|>unmeDt  of  the   Museum   under  his 
ch.'trf^e,  more  eKpcdally  enlistinir  the  services  of  the  sea  captains  in 
obtaining  acfjuinit ions  ;  and   Liverpo«d  at  the  present  time  has  thos 
one  r)f  the  finest  and  liest-arranire*]  of  ]>r.>vincial  museums.    Besides 
contriliuting    numerous  notes  on    Z'  oivgioal    subjects    to   scientific 
journals,  and  providing  material  for  many  specialists  who  recognized 
liim  as  a  valued  cf)llalK>rator,  Mr.  Mi>>re  tix>k  an  active  part  in  the 
spread    of  scientific  teaching  among  the  people,   and   his  popalar 
lectures  were  always  highly  appreciate^!.     From  l^t>o  to  18d4  he 
organized  the  Liverpool  Free  Public  Lectures ;  and  he  was  an  active 
member  of  all  the  l)odies  in  the  city  devoted  to  the  encouragement 
of  scientific  research. 


Bristol  Museum  and  Lihraky. — At  a  well  attended  meeting  of 
thff  shareholders,  held  at  the  l^ristcd  Museum  and  Library,  Queen'd 
lioad,  Bristol,  on  Thursday,  November  the  »3rd,  the  sharehidders 
adojited  a  resolution,  recommended  by  the  Council,  for  the  trans* 
ference  of  the  institution  to  the  Corpomtion  of  Bristol.  The  Museum 
p^ndowment  Fund,  £1,475,  togfther  with  the  generous  offer  of 
£3,(K)0  made  by  Sir  Charles  ^Vathen,  will  permit  the  liabilities  to 
be  cleared  off.  The  Buildings,  Museum,  and  Library,  are  valued  at 
from  £30,000  to  £40,000,  but  for  some  time  ])jist  the  income,  derived 
chiefly  from  subscriptions,  had  been  inadequate  properly  to  carry  on 
the  work,  and  had  gradiuilly  declined  during  tlie  past  ten  years.  By 
jdacing  the  ]\IuKeum  and  Library  in  the  hands  of  the  Coq)oratiou, 
their  proper  maintenance  in  the  future  will  be  assured,  and  the 
officials  will,  it  is  to  be  hoped,  be  adequately  paid  for  their  services. 

Geological  Survey  of  New  South  Wales,  Sydney. — We  un- 
derstand that  Mr.  Joseph  E.  (^arno,  F.G.S.,  Curator  of  the  Mining 
and  Geological  Museum,  Sydney,  N.  S.  Wales,  who  so  ably  assisted 
the  late  Mr.  C.  S.  Wilkinson"  F.G.S.,  during  the  Mining  and 
Ikletallurgical  Exhibition  at  the  Crystal  Palace.  Sydenham,  in  1890. 
has  been  ai)])ointed  by  the  Minister  of  Mines  to  the  i)ost  of  geological 
surveyor,  with  a  salary  of  £400  per  annum.  Mr.  Came  entered  the 
service  of  the  N.  S.  Wales  Government  in  1879.  and  has  proved 
himself  to  be  in  every  way  a  most  able  and  efficient  officer,  and  has 
wi/tt  Uie  esteem  and  regard  of  all  with  whom  he  has  come  in  contact. 
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